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17 case studies show control at work across industry 





MAGNETIC 


SINE/COSINE 


KLE-DECODING 


Libra 


Accuracy that c 


new 
noncontact 
magnetic encoder 


MODEL NO. 807 


FEATURES: 
Long life, high reliability, high speed, 
natural binary V-Scan readout. 
SPECIFICATIONS: 
Output Code: natural binary 
Resolution: (per input shaft turn) 
128 counts 
Full Scale Capacity: 7 bits* 
Speed: operating from 0 to 
10,000 rpm 
Life Expectancy: 20,000 hours 
at 4,000 rpm; 4 x 109 revolutions 
Starting Torque: 0.1 in-oz. max. 
Diameter: 2” 
Length: 1 13/16” 
Weight: 5 ounces 
"ALSO AVAILABLE IN 13, 17, AND 19 
BIT CAPACITIES. 


NEW CATALOG 
AVAILABLE 
write today 

for your copy 
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SIZE 8 
GRAY 


new 
Librasco 


pe 


shaft-to-digital 
encoder 


cope Shaft-to-Digital Encod 


S 


; are highly accurate, reliable, shock-resistant, 


and versatile... ready to serve in a variety of applications including missiles, 


aircraft, machine control, computers, Doppler navigation and data processing. 
unts is the by-word of a Librascope Encoder... backed by the 


superior technology and reputation of one of the world’s largest producers of 
Computers that Pace Man’s Expanding Mind. 


other popular Librascope encoders 


new 
subminiature 
size 8 encoder 


MODEL NOS. 787 & 793 


FEATURES: 


Low torque, low inertia, long 
life, high reliability, withstands 
severe environments. 
SPECIFICATIONS: 

Output Code: natural binary 
Resolution: (per input shaft 
turn) 128 counts 

Full Scale Capacity: 7 bits, 13 bits 
Speed: operating 200 rpm, 
slew 600 rpm 

Life Expectancy: 2 x 106 
revolutions at 200 rpm 
Starting Torque: 

0.5 oz-in. maximum 
Diameter: .750” 

Weight: 3 ounces 


BURBANK BRANCH 
LIBRASCOPE Div N 


GENERAL PRECISION, | 


100 East Tujunga « Burbank, Calif. 


Code | Model no. 
773 
0-773 


710 


Binary 


Binary 


707 (707D*) 


713 (713D") 

717 (7170"*) 

719 (719D*) 
0-713 


Binary 


Self-Decoding 
Binary 740 
723 (723D") 
724 (724D*) 
733 (733D*) 
734 (734D") 
735 


757-S** 


B/C/D 


Sine/Cosine 758 
758-S** 
Gray i 708 


*Contain isolation diodes 
for multiplexing 


Resolution 
per input 
capacity shaft turn 
13 bits 128 counts 
oil-filled unit for increased life 
10 bits 1024 counts 
7 bits _— = 
13 bits ihe 
17 bits hey 
19 bits 128 ” 
oil-filled unit for increased life 


Full scale 


10 bits 
2,000 counts 
20,000 ” 1“ 
3,600 ” 
36,000 

360,000 ” 
4 quadrants 
per turn 


7 bits per quad- 
rant + limit 1 

s 8 bits per quad- 
f rant + limit 1 


8 bits 256 counts 


**Servo driven, 
hermetically sealed 


For career 


QV 


opportunities, write 


John Schmidt 
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If you measure the output of thermocouples, and the thermocouples are 
bonded to a rocket engine or almost any other grounded object, and the 
distance between thermocouples and amplifiers is more than a few 
feet, you should consider the above illustration carefully. While we'll 
admit your thermocouples probably aren’t producing square waves, nine 
chances out of ten you do have a problem with 60-cycle common-mode 
noise. Nearly everybody does. 

What can be done about it? Well,KIN TEL differential amplifiers reject 
ruinous 60-cycle common-mode hum and noise by a factor of 3,000,000 
to 1 with any unbalance up to 1000 ohms in series with either side of the 
input, 1,000,000 to 1 with 10,000 ohms unbalance. Rejection for DC is 
practically infinite and both input and output can be floated up to +300 
volts DC or peak AC. The secret of this exceptionally high common-mode 
rejection in the presence of high input unbalance is isolation. Input signal 
terminals are isolated from chassis ground by 10,000,000 megohms and 
0.6 micromicrofarads. Input and output signal terminals are completely 
isolated from each other. Output signal terminals are isolated from 
ground to almost the same extent as the input.With this virtually perfect 
isolation, you can rescue microvolt level signals from volts of common- 
mode noise, regardless of whether load and transducer are floating or 
grounded, balanced cr unbalanced. 


Before you send us that /etter...the input scope photo is a double exposure. The 
square wave input signa/ was taken with the scope connected across points 1 and 2 
(see drawing below) with & mv/division sensitivity. To show the noise, the scope 
was connected between points 2 and 3, and sensitivity was 1 v/division. The scope 
on the cutput was set for 1 v/division sensitivity and, of course, no noise /s evident. 


Amplifier Case 
(Chassis Ground) 
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Specifications other than common-mode rejection 
are equally impressive. Linearity is 0.01% of full 
scale (10 volt) output for either polarity, 0.02% 
of full scale for plus-to-minus or minus-to-plus 
polarities. Equivalent input drift is less than 2yzv; 
noise at full amplifier bandwidth is less than 6yv. 
Input impedance is 30 megohms, output imped- 
ance less than 0.25 ohms. Standard bandwidth is 
less than 3 db down at 80 cps, and the amplifier 
settles to within 99.9% of final value within 50 
milliseconds for an output change of 5 volts. Plug- 
in input and output filters allow bandwidth op- 
tions from 3 cps to 120 cps, transient response 
as good as 25 milliseconds. Gain is 10 to 1000 in 
5 steps. A front panel vernier control provides 1 
to greater than 3.3 times continuous adjustment of 
each gain step. Gain stability is +0.05%. Output 
capability is 10 volts at 10 milliamps. Amplifiers 
have integral power supplies. Enclosures include 
six-amplifier and single-amplifier 19-inch rack 
modules, and portable single amplifier cabinets. 


To meet your exact requirements at minimum cost, two 
models are now available: the 114A at $775, and the 114C 
(described) at $875. Delivery on both modeis /s currently 
from stock. Write for detailed technical data or a demon- 
stration. Engineering representatives in all major cities. 


a& OMSION OF 


e.2CTROmwics, imc. 


5725 Kearny Villa Road, San Diego 11, California 
Phone: BRowning 7-6700 
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Time Code 
OE-Vik-ter-hael « 


Model 6190 


..Makes time with Qtomic Qecuracy 


Solid State EW Timing Code 
Generator Uses Atomchron /nput 


Epsco-West’s new Model 6190 Time Code Generator is accu- 
rate, flexible, and reliable. In conformance with recommen- 
dations of the Interrange Instrument Group (IRIG), the 
Model 6190 generates a 36 bit 100 pps code, a 28 bit 2 pps 
code and a 20 bit 1 ppm code. Other outputs are available 
to drive digital printers, digital tape recorders, strip-chart 
recorders, oscillograph galvanometers, synchronizing signals 
and mixed tones of precision frequencies. 


The EW Model 6190 is one of a complete line of solid 
state, modular time code equipment which includes time code 
generators, time code translators, timing terminals, and uni- 
versal tape search equipment. 


Complete technical information on the Model 6190 Time Code 
Generator is ready now. Call your nearby knowledgeable Epsco- 


West engineering representative or address Dept. 21. 


— § 
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Advanced Circuitry Stems From 
Transistor Know-How 


In the Model 6190, all pulse widths and timing are directly 
derived from the digital dividers and time accumulator by 
diode matrices. No one-shot circuits are used. Information 
is not transferred from one register to another. No “stub” 
counter chains are used. These design features provide 
absolute synchronism and minimum distortion. Modulation 
occurs precisely at the true positive going zero-axis point on 


€psco-West VN 


A Division of EPSCO Inc., Combridge, Mass. 


240 E. PALAIS ROAD * ANAHEIM, CALIFORNIA 
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Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





INDUSTRIAL AUTOMATIC SYSTEMS 
-~-PROGRESS AND PAYOUT 


Automatic Systems in the Plant 

W. E. VANNAH of Conrror ENGINEERING summarizes how the individual pieces fit 
together, how far industrial controls have penetrated, and how much they can earn. 
AUTOMATIC BUSINESS CONTROL 

Using Corporate Business Models 


H. R. KARP of Controt ENcineertnc considers how mathematical corporate models, 
mechanized on computers, will soon begin to provide critical management decision data. 


Computer Keeps Tabs on Work in Process 
E. W. CANNON of Lockheed Aircraft Corp. continuously keeps track of each of 45,000 
shop orders for fabricated parts in recently installed order-locating computer system. 


Controlling Production Paperwork 
L. H. YOUNG of Conrrot ENGINEERING surveys commercially available systems for 
gathering and summarizing information about production quickly for management use. 


AUTOMATIC PROCESS SYSTEMS 


Bringing Hot Strip Mills Under Automatic Control 
D. BRISTOL of Daystrom Systems and S. KRAFT of Great Lakes Steel employ a general 
purpose digital computer to bring the hot strip steel mill under automatic control. 


Controlling a Thermal Cracking Furnace With a Computer 
]. R. PARSONS et al of Phillips Petroleum prove by experiment that computer control 
yields specific benefits through increased process knowledge and increased production. 


Starting an Electric Generating Station—Automatically 

W. A. SUMMERS of Ebasco Services focuses attention in this article on one aspect of 
the control computer’s many jobs: cold startup of a coal-fired steam generating unit. 
AUTOMATIC METALWORKING 

A Status Report on Control of Metalworking Machinery 

]. D. COONEY of Conrrot Encineerinc presents the benefit of visits to over 50 
machine builders by previewing new controls that will appear at the machine tool show. 


AUTOMATIC UNIT OPERATIONS 


Electronic Controls Replace Pneumatics on Gas Compressors 
V. A. RIGGIO of U. S. Industrial Chemicals controls two gas compressor systems elec- 
tronically: in one pneumatic controls were replaced; in the other there was no choice. 


Punched Tape Controls Carpet Patterns 
W.H. T. NEALL of Birstall Carpet Co., England programs spool winding machine by 
punched tape, permitting wide variety of intricate carpet patterns at reasonable prices. 
Electronic Logic Controls Bread Weight 
W. J. FOWLER of Food Machinery & Chemical weighs each loaf of bread and adds the 


proper increment to make sure minimum weight requirements are met without waste. 





Four Up-to-Date Blending Systems 


D. BARLOW of Conrrot Encrineerinc, London looks at fundamentals of blending 
and then describes four new systems together with their actual application by user firms. 


AUTOMATIC EVALUATION 


Automatic Inspection and Computation Reduces Reject Rate 
A. DEXTER of Pratt & Whitney produces and inspects precision templates on numeri- 
cally controlled machines, also uses a computer curve fitting routine to get optimum fit. 


Fast Component Tester Checks Itself ‘Too 


S. LISS of Kearfott tells of card programmed automatic testers that perform 100 percent 
incoming inspection of resistors, transistors, and diodes for a missile contractor. 


Automatic Analyzers Turn Yeast Plant Continuous 
H. SHER of Distillers Co. and R. F. RODGER of Electronic Instruments, England 
convert a 300 ton per week plant with pH controls and automatic titrating apparatus. 


AUTOMATIC MATERIALS HANDLING 

New Drives Sharpen Conveyor Synchronization 

R. B. MAAG of The Louis Allis Co. improves conveyor positioning accuracy by replac- 
ing the old dc controlled drives with constant speed ac drives and eddy current clutches. 
Programmed Manipulator Cuts Forging Time 

P. H. BAKER and A. TOMLINSON of BISRA, England cut forging time in half on a 
200-ton press with manipulator programmed by digital pots and stepping switches. 


Automatic Vacuum System Pipes Bulk Materials | 
C. H. BAST of Fuller Co. develops a new pneumatic grain handling system for a brew- 
ery that is both foolproof and automatic while including provision for future expansion. 





WHAT’S NEW IN THE CONTROL FIELD 
Newsbreaks in Control 


Smog Instrumentation: Public and Political Apathy Numbs Progress 
Control’s Share of Military Budget Continues to Rise 

Optical Programmer for Numerically Controlled Drill Press 

Will Bullard’s Patent Claims Test Numerical Control? 





Control Personality— DOUGLAS T. ROSS 


A mathematician evolves new languages so man can tell automatic machines what to do. 


Industry’s Pulse—The Impact on Labor 


Union pressure grows with job losses, but some management-labor pacts look promising. 


New Product Developments 


Digital data systems can be built from analog devices using line of modular elements. 


12 Shoptalk 254 Bulletin & Catalogs 279 Meetings Ahead 
18 Feedback 269 Abstracts and Books 283 Reprints 
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a new 1ook in counters 


AND NEW RELIABILITY, TOO 


CMC was first to introduce the all-transistor 10 megacycle counter. Now CMC scores 
another important first with its complete new line of vacuum tube counting, timing 
and frequency measuring equipment. Note the clean, functional lines of these 
tastefully styled instruments ...user engineered to eliminate costly “cockpit trouble”. 
These instruments are the most reliable vacuum tube counters ever built. In the 
counter-timer below, for example, nine tubes have been eliminated. New modular 
circuitry simplifies maintenance and reduces weight. Unitized construction is ex- 
ceptionally rugged. And to further simplify matters, all models have three key 
components in common—input amplifiers, power supplies, and shaping circuits. 
In short, these instruments will give you long, trouble-free operation. 


BUT SEEING IS BELIEVING—Your nearby CMC engineering representative will be 
happy to arrange a demonstration and provide complete technical data. Or you 
can write us direct. Please Address Dept. 21. 


CMC's Model 226B Universal Counter-Timer (1 mc) leads a complete 
new line which includes a 220 kc universal counter-timer, a time 
interval meter and a frequency-period meter. 


PRICES: 
Model 226B, $1175; Model 226BN, 


illustrated, $1445 with Nixies; 
Model 225C.,° $900; “Model 2038, Ht Computer 
ode i. % r ' 
monet Sen avn, VE tone uly Measurements Co. 
A Division of Pacific industries 


California. 
12970 Bradiey Avenue, Syimar, California 
Phone: EMpire 7-2161 
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DYKOR® HIGH SPEED PERFORATED TAPE READER 


This completely transistorized photo-electric unit is the utmost in 
reading reliability. At 1000 characters per second it 
stops before the next character...reads any standard 
tape including 40% transmissive paper, and handles 
S to 8-level tapes interchangeably. Outputs are com- 
patible with either PNP or NPN transistor circuits, 


The user may select single or dual speeds, 104%” 
reel models or 8” spooler accessories. 


atratarinrowLoS 


ALBERTSON, NEW YORK e PIONEER 7-5090 


INQUIRIES FOR DIGITAL SYSTEMS ARE INVITED 
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Did you ever use a computer 
as versatile as the 


ONNER 3100? 


The Donner 3100 isn’t for people who merely wish to 
push buttons. It is a medium sized, high accuracy 
computer, simple to operate, but designed so it doesn’t 
horsecollar the operator. In its class (20 to 100 ampli- 
fiers) it is the most versatile analog computer. Two 
big reasons for this are the 3100's uncommitted ampli- 
fiers and its simulation board, an auxiliary patchbay 
electrically connected to the main removable problem 
board. Here’s what they do: 


Uncommitted Amplifiers. The 3100's amplifiers are not 
already wired as summers or integrators. The opera- 
tor patches his resistors and capacitors to the amplifier. 
Obviously, he is not limited to using computing com- 
ponents with fixed values. If he wants to use only two 
components per amplifier, all the rest are free. De- 
pending upon your needs, the 3100 can be supplied 
with up to 50 amplifiers per console and two or more 
consoles may be slaved. 


The Simulation Board. Here the operator can plug in a 
wide variety of components—resistors, capacitors, pots 
and diodes. He can synthesize (a) complex input and 
feedback networks for amplifiers, (b) complex resis- 


tor-diode limiting circuits and (c) resistor-capacitor- 
inductor filter networks. Programming these circuits 
on the simulation board is far simpler and saves ampli- 
fiers. For example, a mass-spring system is oscillatory 
and usually needs three amplifiers to simulate it: 


But this clever little circuit does the same thing: 


You see, we have eliminated two amplifiers by using 
the simulation board. 








Speaking of economy, $13,995 buys a Donner 
3100 with 30 stabilized amplifiers and 55 potentiom- 
eters. A full line of nonlinear and accessory equipment 
is available. Free instruction on computer theory and 
operation is included. 


Get More Facts — Contact your Donner engineering 
representative for Data File 310, or write directly 
to Dept. 21. 


SCIENTIFIC 

DONNER comany 
A Subsidiary of Systron-Donner Corporation 

CONCORD, CALIFORNIA + Mulberry 2-616! 
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is the word for these 
SINGLE SEATED CONTROL VALVES 


e High Capacity 


¢ High Allowable Pressure Drops 
e Wide Selection of Reduced Capacity Trim 


The new line of Mason-Neilan 20000 Series Control Valves provides the most versatile 
single seat design available. They have an unusual combination of premium features 


that suit them for a wide range of applications, including viscous fluids and slurries. 


See Masoneilan Exhibit at the 





High Capacity. . . top guiding, unrestricted 
seat ring area, body and plug contours pro- 
vide greater capacity than most top-and- 
bottom-guided double seated valves of com- 
parable sizes. 


High Pressures and Pressure Drops... 
high capacity is attained with minimum seat 
ring areas, resulting in less unbalance force, 
permitting higher pressure drops. Heavy 
guiding throughout full stroke results in a 
minimum of unsupported plug length and 
allows high pressure and high pressure drop 
applications without lateral vibration. Gen- 
erous guide surfaces and large plug stems are 
sized in accordance with body rating. 


Soft Seat Trim... available in Teflon and 
Buna-N. Suitable for static pressures and 
pressure drops up to 500 psi. 


Wide Selection of Reduced Capacity Trim 
. . . for those applications where velocity due 
to high drop is a consideration (or where 
future requirements for larger capacity are a 
factor) a wide selection of reduced capacity 
trim is available — and interchangeable in 
comparable valve sizes and ratings (see 
table). The proper relationship between 


stroke and trim size is maintained in order 
to provide the strongest possible plug tip, 
particularly in hard, brittle materials. 


Wide Selection of Materials. . . the design 
of body and plug permits the use of suitable 
special materials to meet severe operating 
conditions. 


Suitable for Slurries . . . body and plug 
contours (plus the fact that no bottom guid- 
ing is required) make these valves suitable 
for viscous fluids and slurries. 


Welding Ends Available. . . the solid-cast 
body allows the use of welding ends. The re- 
movable bolted bonnet permits easy (only 
one joint to break) inspection or cleaning with 
valve in the line. 


Actuators Sized to Body Rating. . . the 
standard spring-diaphragm (direct or re- 
verse) actuator is sized according to body 
rating, thus minimizing requirements for 
oversize actuators in severe applications. 


These 20000 Series are economical to buy 
and operate. Look into these many advan- 
tages; send for complete details or contact 
your local Mason-Neilan representative. 


Ro 
MASONEILAN 
i ae 


Niason-NeEILAN 


Division of Worthington Corporation 


53 NAHATAN STREET, NORWOOD, MASS., U.S.A. 
Sales Offices or Distributors in Principal Cities in United States and Abroad 
In Canada: Worthington (Canada) Ltd., Mason-Neilan Division 


NOMINAL TRIM SIZE 
4" l’ 


3 
10.8} 12 
14 
18 


ia «= 


1.S.A. Show, Booth 1412 
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The answer can be important to you. True, you 
can combine several makes of instruments into a 
system and get adequate results. But you usually 
pay a penalty for hybrid systems. There’s the burden 
of responsibility for engineering and maintaining the 
system. There’s the question of whether it will do 
what you want it to. There’s the problem of modify- 
ing various makes of components to work together. 
And there’s the inconvenience of buying instruments 
and spare parts from several suppliers instead of one. 


Single-Source Responsibility. You avoid all of this 
with an all-Honeywell data processing or automatic 
control system. Afl components, from primary meas- 
uring elements to final controls, are supplied by 
Honeywell. If your requirements call for an analog 
or digital computer, Honeywell can supply it. From 
our systems engineers you get the advantage of 
experience gathered over 75 years of measurement 
and control work in scientific, military and industrial 
operations. And Honeywell takes full responsibility 
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for the system, from initial planning through install- 
ation and startup, and’even including maintenance. 


Conserve Your Working Capital. You can conserve 
working capital by leasing a Honeywell system from 
one to five years, paying for it as you use it. Because 
you lease at today’s prices, you’re protected against 
possible future price increases. Because you deal 
only with Honeywell, you needn’t worry about long 
negotiations with third parties. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. In Canada, Honey- 
well Controls, Ltd., Toronto 17, Ontario. 


'th 


Tae: 
i= 
ee GP! OMEERING THE FUTURE 


Honeywell 
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Type 2N501 
Super High-Speed 
Micro-Alloy 
Diffused-Base 
Transistors 


(2 X Actual Size) 
ae hs D5 4 


Figs 


Maximum 





Rise Time (t,) 18 





Storage Time (ts) 12 





Fall Time (t) 10 musec 














In circuit with current gain of 10 and voltage 
turn off. 











Unexcelled for super high-speed 
computer applications, Sprague’s 
Type 2N501 Micro-Alloy Transis- 
tors combine high gain and high 
frequency response with unusual 
stability and high operation effi- 
ciency even under severe environ- 
mental conditions and life tests. 


Sprague’s mechanized electro- 
chemical process permits the fabri- 
cation of a graded base transistor 
with no intrinsic base region. The 
Type 2N501 can thus maintain its 
super high-speed switching char- 
acteristics right down to its satura- 
tion voltage, providing all the ad- 
vantages of direct-coupled circuitry 
with no impairment of switching 
speeds. 


Write for complete engineering 
data to Technical Literature Section, 
Sprague Electric Company, 407 Mar- 
shall Street, North Adams, Mass. 
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SHOPTALK 


Guide to tool show 


Make sure that if you’re going to the Production Engineer- 
ing and Machine Tool Shows you don’t miss the opportunity 
presented by John Cooney’s article on page 158 of this issue. 
John’s preshow visits to over 50 machine tool builders gave 
him a detailed view of what’s new in machine control. He 
passes this view along in his 16-page special report, “Auto- 
matic Metalworking—a Status Report”. ‘Tear it out and 
carry it with you and you'll be able to find most of the new 
numerical control systems and other automatic machines 
without hunting for them. 


Quiet: staff at work 


When the feature portion of this issue was completed and 
we started looking at it upsidedown and backwards to make 
sure that it satisfied the editors, we discovered to our surprise 
that half of it (33 of 67 feature pages) was totally staff written, 
and that another 11 pages were generated from raw reports, 
proposals, etc. originally prepared by busy engineers who 
didn’t have the time to put the material in even rough ar- 
ticle form. All this shows two things: 1) Often there is no 
one authority that can supply all the facts for an article, our 
editors must gather information from many sources; and 2) If 
CtE is going to continue to supply you with descriptions of 
the latest and most advanced in the control field, many of the 
articles are going to have to be written from interviews, rough 
sketches, raw reports, etc. 


Busy month for control engineers 


September is always a full month for control engineers, but 
this one wins a prize with major technical meetings and shows 
for every segment of our readership: Production Engineering 
Show, Chicago; Machine Tool Exposition, Chicago; Ninth 
Annual Industrial Electronics Symposium, Cleveland; Annual 
Instrument-Automation Conference and Exhibit, New York 
City; National Symposium on Space Electronics and Teleme- 
try, Washington; and Joint Automatic Control Conference, 
Cambridge. Get your track shoes on. 


Article retrieval 


Like the readers of Conrrot ENGINEERING, the editors 
frequently must search through past issues of the magazine to 
find when a certain item was published or what articles were 
published on a certain subject. To handle this information 
retrieval problem we simply tear out the contents page of each 
issue and file them in order, adding the annual index each 
December. This way it only takes a few minutes to scan the 
subject matter for several years right up to date. And if you 
tear out and file articles, you can indicate how you classified 
the article on the contents page right next to the title. 
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Tung-Sol high power germanium transistors 


* 
2N174, 2N174A, 2N173, 2N278, 2N277, 2N443, 2N442, 2N441, TS748 


They feature the vacuum-tight, all copper ““‘Cold Weld”’ pack- 
age—a Tung-Sol “‘first” in this transistor class—for broader 


This full and select complement of Tung-Sol high power transistors 
offers many distinct advantages over similar competitive types. 


Exclusive design features combine with Tung-Sol’s pace-set- 
ting quality assurance practises to assure designers unexcelled 
operational reliability. 


Wide interchangeability lets you specify these pnp transistors 
for most industrial and military uses. Typical applications in- 
clude high power amplifiers, DC-to-DC converters, DC-to-AC 
inverters, regulated power supplies, motor controls, servo 
amplifiers, relay drivers, switching circuits, etc. 


Every transistor in this versatile series produces highly efficient 
power transfer and audio amplification. 


Absolute 
Maximum 
Ratings 
@ 258°C 


design flexibility and long-life reliability. 


They are manufactured in the industry-preferred JEDEC- 
TO-36 case. This stud-mounted single-end construction with 
solid-lug terminals simplifies installation and facilitates effi- 
cient heat-sink design. 


They are subjected to rigid military environmental tests and 
radioactive gas leak detection tests to further assure maximum 
reliability. 


Write for full technical details. Tung-Sol Electric Inc., Newark 4, 
New Jersey. 


PREECE SE 





Collector Voltage BVcp 
(Vep= +1.5v) 


40 Volts 





Collector —— BV ces 
(Ic =0.3A) 





Emitter Voltage BVego 


20 





Collector Current ic 


15 





Junction Temperature Tj 





...delrver 
up to 
15 amperes 


55 
to 
+95 


KK The TS748 is specially designed 
to meet the requirements of 
MIL-T-19500/13A and is 
supplied with flexible leads. 


sh Abed hdd of heal 


Technical assistance is available through the following sales offices: Atlanta, Ga.; Columbus, 
Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N.J.; 
Melrose Park, Ill.; Newark, N.J.; Philadelphia, Pa.; Seattle, Wash. Canada: Toronto, Ontario. 
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It's Foxboro Consotrols 














PHOTOGRAPHY BY ROBERT A. PACKO, TOLEDO 








t Completely integrated Sohio Toledo unit has a refining capacity 
of 60,000 bbls. per day. The 13-acre facility requires only 17 
operators per shift—was designed and built by the M. W. Kellogg 


Company. 

















Reliable instrument performance 
a “must” at fully-integrated 


Toledo Refinery 


Crude in at one end — finished product out 
the other—one continuous operation. That’s 
the process flow at Standard Oil of Ohio’s 
new 60,000 bbl. Toledo Refinery. 

Since intermediate tankage has been elim- 
inated, reliance on instruments approaches 
100%. If one unit stops, the whole plant 
must stop — integration is that complete. 

You’ll find Foxboro Consotrol* instrumen- 
tation on every phase of this bold, cost-cutting 


OXBO, 


refinery design. Accurate, dependable, low- 
maintenance Consotrols — pneumatic and 
electronic. The same “reliables” serving 
refineries the world-over. 

If you’re not already familiar with the 
Consotrol story ask your nearby Foxboro 
field engineer for full details. Or write 
Foxboro for Bulletin 13-18. The Foxboro 
Company, 859 Neponset Avenue, Foxboro, 
Massachusetts. “Reg. U.S. Pat. Of. 
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REG. U.S. PAT. OFF, 


+ Nerve center at Toledo is this 96-ft. Foxboro-instrumented con- 


trol panel. Six “satellite” panels handle local control. Since unit 
must work as one continuous operation—or not at all—reliable 
instrument performance is essential. 














REDUCE COSTLY “DOWN -TIME™ IN 


...With Tl semiconductors and components! - 


Avoid costly production loss and complicated restart caused by unscheduled “down- 
time” by applying Texas Instruments semiconductors and components to your 
industrial control system. Now, TI offers you a complete line of high-reliability 
devices specifically designed to meet the exacting demands of your industrial control 


applications. 


Take advantage of simplified transistorized circuitry to speed up production, increase 
system accuracy, minimize maintenance problems, save valuable plant space and 


handle your special control problems. 


Write today on your company letterhead to TI’s team of highly qualified industrial 
design applications engineers for expert assistance in meeting your specific control 


system requirements. 


TAPE _ CARD 
READOUT 

















Tl 1N2175 photo-duo-diodes Four times more 


sensitive than any other commercially available 
photosensitive unit, the new TI PHOTO-DUO- 
DIODE is ideal for your industrial control tape 
readout, inspection, counting, switching, inter- 
locking, and over-load protection applications. 
This new light sensing device passes up to 1200 
microamps when exposed to 1200 foot-candles of 
light and less than 0.5 microamps in darkness. 
Rated at 250 milliwatts dissipation at 25°C, the 
TI 1N2175 will operate equally well on either 
alternating or direct current and any biasing 
voltage up to 50 volts. 


SEE THESE AND OTHER Ti PRODUCTS 


AT PRODUCTION ENGINEERING SHOW BOOTH 374 


TEMPERATURE 
SENSING 


























sensisior silicon resistors Designed and de- 


veloped by TI, sensistor silicon resistors give the 
control system design engineer a lightweight, 
highly accurate and reliable temperature compen- 
sating and sensing device for industrial applica- 
tion. Featuring a predictable rate of resistance of 
+0.7% /°C, the sensistor resistor is ideal for tem- 
perature compensation from —55° to +200°C at 
frequencies up to 20 ke in amplifiers, power sup- 
plies, servos, magnetic amplifiers, computer 
switches, and thermometry. 


SEMICONDUCTOR-COMPONENTS DIVISION 


TEXAS 


LIMITED 


DALLAS ROAD - BEDFORD, ENGLAND 





TI logic circuits for industrial systems Now, let 
TI applications engineers design logic circuits 
for your specific control system requirements! 
Utilizing the ideal switching characteristics of 
TI germanium or silicon transistors, TI logic 
circuits give you a wider operating range of en- 
vironmental conditions, have lower power con- 
sumption, and lower component count with highly 
simplified circuitry. Write today on your company 
letterhead for design and application assistance 
of AND, OR, NOR, NOT, and FLIP-FLOP cir- 
cuits that will best handle your specific logic 
requirements. 


NOR LOGIC CIRCUIT 


CONTROL 


CIRCUITS 


TI pnpn silicon controlled rectifiers Apply the 
triggering and firing function of TI PNPN Sili- 
con controlled rectifiers to your system to replace 
thyratron tubes, relays and magnetic amplifiers 
and gain over-all increased system reliability. Put 
this ruggedly packaged rectifier in use today in 
your regulated power supplies, servo motor con- 
trol circuits, static switching circuits and as a 
protective device in power output circuits. 














’ } POWER 
ve yi 
fi Bites . 
SZ = AMPLIFIERS TI power transistors Eliminate transistor paral- 


leling and reduce over-all system cost by specify- 
ing one TI germanium transistor to handle up 
TYPICAL 20 WATT AMPLIFIER POWER GAIN = 23 db to 25 amps. Select from TI’s complete line of 
wo ta DSTORTON] R,] germanium or silicon power transistors to pro- 


a Con re! Daren on vide maximum reliability for your power ampli- 


‘ 
a 
the Coile Should be Wound. = 801 30 
50 











fier and high current switching applications. TI 
guaranteed specifications and highly mechanized 
transistor manufacturing techniques assure the 
maximum transistor reliability your high-current 
applications require. 









































*Trademark of Texas Instruments Incorporated 








Tl APPLICATION NOTES 


NSTRUMENT S Minera te tance 


ization for industrial contro! systems. Address 
INCORPORATED your inquiry to: Mr. Bruce Williams, Industrial 


Applications, P. O. Box 312, Dallas, Texas. 
13500 NORTH CENTRAL EXPRESSWAY + DALLAS, TEXAS 
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MEASURING 
ROTARY SPEED? 


Now you can assemble complete 
digital systems using only stand- 
ard components. All equipment is 
matched output-to-input to save 
engineering time and the cost of 
specially-tailored hardware. The 
simple system below may be ex- 
panded ten-fold in complexity. 





ASSEMBLED BUILDING BLOCKS 
MAKE A DIGITAL SYSTEM... 


= Beckman 
tachometer 
pick-ups 


Beckman 
scanner 


EPUT® meter 
counts and 
converts to 
rpm 


rpm No. 1 
rpm No. 2 
rpm No. 3 
rpm No. 4 


Beckman 
printer records 
all speeds in 
rpm 








Write for free 
16-page survey of 
illustrative systems 
for measuring 
speed, pressure, 
temperature, 

force & flow. 











Beckman’ Berkeley 


nek Division 
(25; Richmond $ 
Cs. California 
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HOW TO DO IT 


A reader describes a practical method of 
converting binary and decimal notations—by 
a dividing and conquering method. 


A handy kink 


To tHe Epiror— 

When the electronics engineer ven- 
tures (or is pushed) into the area of 
computers and digital control systems, 
he finds familiar components handled 
in ways new to him. Eventually his 
vocabulary grows to include such 
terminology as flip-flop, NOR logic, 
accumulator, storage register, memory 
cores, etc., and his mathematical back- 
ground enlarges to include the meth- 
ods of binary arithmetic. At first the 
long strings of 1’s and 0’s of the binary 
number system seem strange and awk- 
ward to handle, but this unfamiliarity 
gradually vanishes as the engineer be- 
comes intimate with binary notation. 
The conversion of decimal to binary 
numbers, however, as well as the con- 
version of binary to decimal numbers 
remains a tedious, tiresome, and time- 
consuming task. Here is a relatively 
painless conversion method. 

A decimal number can be converted 
to its binary equivalent by successively 
halving the number, writing down a 
1 when the result is an odd number 
and a 0 when the result is even. The 
collection of 1’s and 0’s obtained in 
this manner is the binary equivalent 
of the original decimal number. This 
technique is illustrated in Figure 1. 





2 
12 
10 
5 1 
10 





FIG. 1. Conversion of decimal to binary 
notation by the process of repeated halv- 
ing of the decimal number. Binary equiva- 
lent is now determined by substituting 
l’s for the odd numbers and 0’s for the 
even numbers. 


It is assumed here that the binary 
representation of decimal number 20 
is to be found. The 20 is written 
down and then halved; the result (10) 
is then written to the left of the 20. 
The 10 is now halved and the result 
(5) is written to the left. Any frac- 
tions that develop during the halving 


process are dropped. Halving of 5 
therefore yields a result of 2. This 
process is continued until the number 
1 is reached, as shown in Figure 1A. 
The binary equivalent is now easily 
determined by writing a 1 under each 
odd number (1 and 5 in Figure 1B), 
and a 0 under each even number. (2, 
10, and 20). This binary number, 
10100, is equivalent to decimal 20. 
The same technique can, of course, 
be used for larger numbers. As illus- 
trated in 1C, decimal 652 is converted 
to binary 1010001100. 

A quantity expressed in binary nota- 
tion can be converted to its decimal 
system equivalent by the inverse of 
the process illustrated in Figure 1. 
As shown in Figure 2A, a 1 is written 
over the first bit and a 2 is written 





9 

] l 0 
7) 18 37 74 
l 0 ] 0 





FIG. 2. Conversion of binary to decimal 
notation by the process of repeated doub- 
ling. Odd numbers are written above 
the 1’s and even numbers above the 0’s. 


over the next bit, in Figure 2B. The 
2 is now doubled and the result (4) 
written over the next bit as shown at 
C in Figure 2. Since an odd number 
must appear above each 1 in the 
binary number, the number obtained 
in the doubling process is increased by 
one each time a binary | is encoun- 
tered. For this reason the number 9 
rather than 8 appears at D in Figure 
2. This process is continued, and the 
number which appears above the right- 
most bit is the decimal system equiva- 
lent. As shown at E in Figure 2 
binary 1001010 is converted to deci- 
mal equivalent 74. 

With a little practice, one becomes 
proficient in the use of these methods, 
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The Offner Type 


RP TWO CHANNEL 


Compact, economical, con- 
venient where only one or 
two channels are desired. 


R SIXTEEN CHANNEL 
Assemblies with 16 channels. 
24 inch paper permits up to 24 
channels on one inch centers. 


Write on your company letterhead 
for Bulletin 891, a 20 page, 2 ce’or 
brochure giving you complete spec- 
ifications, application data, etc. 


OFFNER ELECTRONICS 





Ri Transistor Dynograph 


provides 
greatest 


versatility 


BMM/B CONSOLE 
Features horizontal 


aper 
travel. Available as Type 


or RC. 


RC DESK-TYPE CONSOLE 


Medium gain assembly for 
computer write-out, telemeter- 
ing, applications with input 
signal above 10 millivolts. 


VERSATILITY of assemblies—select the mounting best suited for your use, 


VERSATILITY of application—one set of amplifiers covers all uses, micro- 
volt to volts de or ac, strain gages, reluctance gages, etc. 


VERSATILITY of writing media—use ink, heat, electric interchangeably 
on one assembly—select the one most suited for the application. 


The Offner Type R Dynograph Assembly is unmatched for sensitivity, 
accuracy, versatility—we invite you to compare it with any other 
high speed direct writing oscillograph. 


Inc. 


3904 River Road, Schiller Park, Illinois (Suburb of Chicago) 





WHAT IF 1T ONLY LIGHTS 
ON DRY DAYS? 


Pressure switches that only sound the alarm 
on dry days are small comfort when the 
weather gets soggy. 

The one way to be sure about a pressure 
switch is to test it through the whole range of 
operating requirements .. . not just at 0% 
humidity or just at room temperature. 

Take Model 6547 shown at right which 
serves in many ways. . . cabin pressure alarm, 
landing gear position signal, electronic equip- 
ment operation, acting parallel to an altimeter. 
This pressure switch has a calibration ac- 
curacy of 20 mm Hg from —65°F to 750°F, 
0 to 100% humidity, with an actuation range 
of 2,000 to 20,000 and 15,000 to 70,000 feet. 
It weighs only 5% ounces. 

Do what we did. Get one and run it through 
six weeks of testing over the entire range of 
your operating requirements. 

Or you can save yourself six weeks by 
examining our own test data on a full line of 
pressure switches for the type that meets your 
needs best. Call Mr. Charles Colt at Con- 
solidated Controls, Bethel, Conn. Phone 
Pioneer 3-6721, DDD Code 203. 


Inches of Water 
to Hundreds 
of Atmospheres 


Model 6547 shown above is one of 
more than 300 pressure switches 
available from Consolidated Con- 
trois for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F. 
Standard models for 

+ high vibration 

« differential pressures 

* hydraulic 

* miniaturized applications 

« high temperature 


CONSOLIDATED CONTROLS CORPORATION 


———.CCC 


— 
7 AMerdgber 
of The Condec Group 
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and long-hand binary/decimal con 

versions can be accomplished easily 
and rapidly. 

Ed Bukstein 

Minneapolis, Minn. 


Wants teaching machine. 


Mr. Gorpon Pask— 

In the November 1959 issue of Con- 
TROL ENGINEERING (pp. 144-147) you 
and D. Wiseman presented an article, 
“Electronic Teaching Machine”. 

Columbia Records Club is inter- 
ested in procuring an_ electronic 
teacher of the type described in your 
article provided it is adaptable to IBM 
alphabetic-numerical key punching 
machines and/or 10-key adding ma- 
chines. We need to train many key 
punch operators for IBM 026 alpha- 
betic key punchers with a high degree 
of seasonality to the labor demand. 
Hence, training time and expense is an 
important factor in recruiting people 
for this kind of labor. 

Will you please advise me if this 
machine is being marketed in the 
United States and whether or not it 
has been engineered for training on 
IBM key punch equipment or 10-key 
adders. 

Thank you very much for your work 
in developing this type of equipment 
and for any assistance that you may 
provide in applying this type of de- 
vice to our business problems. 

J. R. Farmer, Director EDP 
Columbia Records Club, Inc. 
New York, N. Y. 

Solartron manufactures the elec- 
tronic teaching machine designed by 
Mr. Pask. Rheem Mfg. Co, 400 Park 
Ave., N. Y. 22, represents Solartron in 
this country for the product. The ma- 
chine has been programmed for teach- 
ing the use of both alphanumerical 
key punch and 10-key adding machine. 
Ed. 


Wants teaching machine publication. 


To THE Eprror— 

Your article, “The Coming Boom in 
Teaching Machines” in the June 1960 
issue of ConTroL ENGINEERING was 
of special interest to me. I would like 
to receive the Automated Teaching 
Bulletin (p. 24) from Rheem Corpo- 
ration, but our library has as yet no 
information on the publication. 

]. T. Daniel 
Houston, Tex. 

Contact The Editor, Automated 
Teaching Bulletin, Rheem Califone 
Corp., 1020 N. La Brea Ave., Holly- 
wood 38, Calif. Ed. 
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MAINTENANCE FREE PHOTOELECTRIC TAPE READER 


Unprecedented reliability through simplicity of mechanical 
design is now yours in Photocircuits’ new 60 characters per 
second, line by line, model #100 tape reader. Whisper quiet 
in operation, the fully transistorized model #100 utilizes the 
outstanding speed-of-response characteristics of the PMI 
printed motor. 


Not only is the major maintenance problem of replacement 


of parts virtually eliminated, but mechanical adjustments 
are non-existent with the elimination of the brakes, clutches, 
and solenoids used in conventional readers—the only mov- 
ing part in the model #100 is the motor shaft itself. 


Call or write today for full information and a demonstra- 
tion of the dynamic model #100—and the other models and 
modifications available from Photocircuits. 


Photocircuits 


Glen Cove, New York 


SEPTEMBER 1960 





Anaheim, California 
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GEN'IERAL FNSTRUMENT, SEMICON OUCTOR 


DIVISION 


silicon | diodes 


INANY 


IN 
COMBINATION 


i 


CHARACTERISTICS — 


high speed « high conductance ¢ high temperature 


high voltage « high back resistance 


complete reliability 


Including the industry’s most 
versatile diode with uniform 
General Instrument semiconductor en- excellence in all parameters. 
gineering has made possible these (MIL-E-1/1160 Sig. C) 


silicon diodes with a range of charac- 
teristics never before available to the 
industry. 


The types listed here are just a small perl cose pe 


sampling of the complete line which IN458* 1N463 1N627 
can be supplied in volume quantities 1N459° 1N464 1N628 
for prompt delivery. General Instru- 1N629 


GENERAL PURPOSE FAST RECOVERY 
TYPES TYPES 


1N482 
1N482A 
1N482B 
1N483 
1N483A 


ment also makes a complete line of 1N662t 1N483B 


medium and high power silicon recti- 


fiers. Write today for full information. indy cc aac eegtaaaidctan 


IN663t 1N484 


HIGH CONDUCTANCE 
TYPES 


1N484A 
1N484B 
1N485 

1N485A 
1N485B 
1N486 

IN486A 


PLUS a large group of special DR numbers developed by General tnstru- 
Corporation 


ment 
types listed above! 


Semiconductor. Division 


bet =a = be UST ote) inte]. 7 wale), | 


65 Gouverneur Street, Newark 4,.N. J 


Midwest 


19R 


CONTROL 


with characteristics that far exceed any of the standard 
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When JAN type diodes are required, you can be manium diodes is the most complete available to 
certain that General Instrument’s engineering the industry, with the widest possible range of 
skills and manufacturing facilities will enable us characteristics. We also make a complete line of 
to deliver them at prices that reflect years of medium and high power silicon rectifiers, includ- 
volume production experience. ing all JAN types. Complete information and data 


The General Instrument line of silicon and ger- sheets are available upon request. 


*Reverse voltage at which a reverse current of 100 uA flows 
All ratings and characteristics are at 25° C. unless otherwise noted. 
Operating temperature range —80° C. to + 200° C. 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 
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New contact reliability. Parallel! bifur- 
cated contacts, which allow four cur- 
rent paths instead of one, provide 
infinitely greater circuit reliability .. . 
liberally designed so any current path 
carries full relay rating. 


At last! “‘Mechanical memory” latch 
as reliable as the relay itself! No ad- 
justment ever needed. Add latch at 
any time. 


New simplified design! Cutaway view 
shows basic simplicity. Coil vacuum 
impregnated to resist damage from 
humidity, vibration, electrical stress. 
Terminals can be screw or spade type. 








| oe 


Space savingest relay 
you ve ever seen: New 
Cutler-Hammer Compact 300° 


Versatile 300 V. control relay is so reliable it’s permanently sealed! 


Here is the best answer yet to the need for 
an extremely reliable, small-size 300 V. 
industrial relay—the new Cutler-Hammer 
“Compact 300.” 

Every detail known that affects relay 
reliability has been improved in the ‘“‘Com- 
pact 300.” Bifurcated contacts which make 
possible four current paths rather than one, 
add millions of operations to the ‘““Compact 
300’s”’ electrical reliability. 

In fact, we’re so confident of its electro- 
mechanical reliability, we permanently en- 
close the ‘““Compact 300.”’ And, if it should 
be damaged by a fault current, you throw it 
away and replace it with a new one. Its low 
price makes this an economical, practical 
maintenance procedure. 

Now think of the space you can save 
with the “‘Compact 300.” It controls up to 


WHAT’S NEW? ASK... 


eight circuits in panel space only 2” wide 
by 234” high. 2, 3, 4, 6 and 8 poles with any 
combination of N.O. or N.C. contacts are 
available, of course. 


At any time, you can add “mechanical 
memory”’ latch with a life equal to the life 
of the relay. No adjustments are ever 
necessary. It’s another exclusive! Better get 
full details on the new “Compact 300” 
now. Send for Pub. ED-L079-S227. 


What's new at Cutler-Hammer? 
New, better products, like the 300 V. relay 
are coming steadily from our new, expanded 
plant facilities. We’re ready now to help 
you take care of the great industrial growth 
of the future. If you are planning ahead 
and need electrical control assistance, con- 
tact the nearest Cutler-Hammer sales office. 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wisconsin + Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 


Hammer International, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 
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NEW FROM BENDIX 





jas 


Gus.nes 


WITH SUCH OUTSTANDING ADVANTAGES AS: 


FIVE INTEGRAL KEYS AND KEYWAYS 
that provide for positive polarization and 
positive mating—even in blind locations. No 
possible contact damage. QWLD connectors 
can be fully mated and unmated by hand. 


HEAVY-DUTY CONSTRUCTION through use of 
extra-heavy machined or forged aluminum shell com- 
ponents, resilient inserts, silver-plated copper alloy con- 
tacts, and rugged cable accessories with new superior 
gasket design. 


TWO NEW SERIES AVAILABLE with the QWLD 
having standard solder or solderless contacts and the 


QWLG having provisions for grounding one contact to 
the shell. 


PLUS . . . IMPROVED WATERPROOFING * CLOSED ENTRY 
SOCKET CONTACTS * SELF-EJECTING COUPLING ACTION »* 
DESIGNED TO MEET MILITARY SPECIFICATIONS * WIDEST 
RANGE OF CABLE ACCESSORIES. 


QWLLD is the latest development in Scintilla’s long line 
of multiple conductor cable connectors—and is specially 
designed to meet the rugged environmental conditions 
of missile launching equipment, ground radar, or power 
and control circuits—and heavy-duty industrial applica- 
tions such as are found in oil fields or mining. Be sure 
to investigate the new QWLD HUS-KEY* Connectors 
from Scintilla. 


* TRADEMARK 


Scintilla Division 


SIDNEY, NEW YORK 
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Douglas T. Ross 


communicates with machines 


Designing automatic machines and 
systems raises one new perplexing 
problem: how will man tell the new 
systems what to do? At MIT’s Elec- 
tronic Systems Laboratory, a 30-year 
old mathematician is worrying out one 
approach. Douglas T. Ross is design- 
ing languages that allow man and ma- 
chines to communicate with each 
other. 

His first dramatic success was dem- 
onstrated last year when the Air Force 
showed its Automatically Programmed 
Tool System (APT) for numerically 
controlled machine tools. APT, says 
its creator Ross, is a technique for mak- 
ing a manufacturing tool produce what 
you want from a general or verbal 
description. With a computer, APT 
converts symbolic language into a form 
a machine tool can use. 

In APT language any quantity can 
be described by a symbol. For exam- 
ple, a mechanical part can be de- 
scribed in nonnumerical form, in alge- 
braic form to specify a whole family 
of parts. Man can then plug in num- 
bers to produce a specific product. 
When Ross demonstrated APT last 
year, the system contained 8,000 in- 
structions. Since then his group at 
MIT has pushed the capabilities of 
Automatic Programming to 43,000 in- 
structions for the 25 companies of the 
Aerospace Industries Association in 
the APT project. 

Ross’ next project is even more 
breathtaking. He plans to extend the 
APT language concept to computer- 
aided design, so that what APT does 
for numerical control, his new idea 
will perform for design. The goal: 
pour a competent designer’s ideas, 
sketches, and gestures into a compu- 
ter to assist the creative design process. 

To Doug Ross his new project is 
more than just a way to communicate 
with machines. It is part of the birth 
of a new field, one that combines 
semantics, logic, mathematics, and 
physics. Ross feels his technique is a 
whole new approach to solving com- 
plex problems. His reasoning: to pro- 
gram a language to instruct an auto- 
matic system requires great knowledge 
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of all aspects of the problem and how 
to go about solving it, allows mechan- 
ization of some aspects of “thinking.” 
This new “Queen of the Sciences”, 
says Ross, is only part mathematics 
and part computer, because there are 
some aspects that cannot be put into 
mathematical terms—e.g., the gestures 
with which a designer conveys an idea 
to a draftsman. 

Such an admission of the weakness 
of mathematics is not completely ex- 
pected from Ross, who is a mathema- 
tician by training and experience. A 
1951 graduate of Oberlin College with 
a B.A. degree in mathematics, he 
joined MIT as a teaching assistant in 
mathematics in 1952. 

During his first summer at MIT, 
he worked in the Servomechanisms 
Laboratory part-time to earn some 
spending money, performing compu- 
tation work on a desk calculator. Dur- 
ing the summer a problem in correla- 
tion arose and the project had no 
equipment to solve it. At the sugges- 
tion of a friend, Ross turned to Whirl- 
wind, MIT’s venerable digital com- 
puter. When the summer ended, Ross 
had finished the computer program 
but still had to document results, so 
John Ward, then a project engineer 
and now assistant director of the Elec- 
tronic Systems Laboratory, suggested 
that Ross stay on unless “he really 
wanted to go back to teach freshman” 
after his initiation into computer pro- 
graming and application. Ross has 
been at what is now the Electronic 
Systems Laboratory ever since. 

Once ensconced in research he con- 
tinued to work with correlation pro- 
grams on computers. Next he was as- 
signed to a project to apply a new 
form of ballistic tables to airborne fire 
control system evaluation. This work 
led into establishing sophisticated data 
reduction techniques, and from this he 
was propelled into a project to desi 
a data reduction system to evaluate the 
fire control system on the B-58 Hustler 
bomber. 

During this project Ross became in- 
terested in manual intervention in 
computer operation—a technique that 
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enables man to communicate with the 
computer on a real time basis. He 
says the concept is applicable when 
you don’t know enough about a prob- 
lem to make the program completely 
automatic. To communicate the man 
pushes buttons, each pushbutton cor- 
responding to a word or phrase of the 
language. The machine communicates 
with the man through oscilloscope dis- 
plays that can al out messages or 
present numerical answers. Manual 
intervention started Ross’ interest in 
language for automatic systems. 

The crewcut Ross is blessed with 
concentration ability so deep that he 
can perform mental programming ac- 
robatics even when he is watching tele- 
vision at home with his wife Patricia 
and their three —— (and dog). 
During one group of viewing sessions 
he constructed a hypothetical universe 
of matter as a mental exercise, was de- 
lighted to discover that his simplified 
world was relativistic. 

Ross expects his Queen of the 
Sciences will leave its mark on control 
engineering. In a thoughtful mood 
he once said, “We are in a period 
not too dissimilar to that when New- 
ton and Liebnitz invented the calcu- 
lus. Afterwards, things were never the 
same.” Ross’s contribution to man- 
machine language and its application 
in the automatic factory is likely to 
leave the industrial scene so that it will 
never be the same. 
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: B Mi 162 0 data processing system 


...the most powerful engineering computer in its low price class 








The new IBM 1620 is a desk-size engineering computer that offers you more 
computing ability per dollar than any system in its price class. 


Transistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 

memory with variable field length and immediate accessibility. Its input- 
output notation, on paper tape and console typewriter, is in convenient 

decimal] arithmetic. It can perform more than 100,000 calculations a minute 

and is easily adapted to your engineering problems. 


Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 
helps free your engineering talent for more creative work. And in keeping 
with our concept of Balanced Data Processing, the IBM 1620 is supported 
by extensive services. This includes a comprehensive library of mathematical 
routines and specific industry programs to permit you to put the 1620 to 
work without unnecessary delay. 


Ask your IBM representative about the unique advantages of the IBM 1620. 
Like all IBM equipment, it may be purchased or leased. 


balanced data processing 


ile. 
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@ TCI Eyes “Most Automatic” Mill 


Birmingham—Most automatic steel mill in the U.S. is to be built here by the 
Tennessee Coal and Iron Co., division of U.S. Steel over the next couple 
of years. Engineering has been assigned to the Blaw-Knox Co.; control 
supplier (or suppliers) has not yet been designated. 


@ A New Approach to the Neuron 


Palo Alto—Office of Naval Research is supporting development of the neu- 
ristor, a concept proposed by Stanford Research Institute’s H. Crane. 
Psychoneurologists say the neuristor exhibits many of the properties of the 
neuron, the key cell of the human brain, and construction appears to be feasi- 
ble. Crane’s concept involves moving a pulse down a line, in some ways like 
a delay line, to a two-pronged branching point. Once the pulse has 
passed, the line becomes refractive and will not carry another pulse. 
ONR believes the neuristor may be useful in learning machines. 


@ M-H Plans New Systems Group 


Pottstown, Pa.—A new group to design and build control systems will be 
set up here by Minneapolis- Honeywell. The new installation will concentrate 
in one plant the company’s systems work which has previously been 
spread in many divisions: Philadelphia for process control, Beltsville, Md., 
for data handling, and Denver and Los Angeles for military systems. 


@ New Trend for Automatic Drafting 


Seattle—To solve the problem of preparing full scale section drawings for 
its proposed 727 jet transport, Boeing Aircraft is preparing drawings directly 
from computer tapes by inserting a ball point pen in the tool holder of a 
numerically controlled milling machine. At least three companies—Hughes 
Aircraft, Universal Drafting Co., and Electronic Associates—are developing 
automatic lofting and drafting machines to make high precision drawings 
on areas from 4 x 8 ft to 5 x 12 ft. Prices: from $80,000 to $250,000. 


@ Automatic Ships for Navy? 


Washington—Navy researchers are experimenting with a new concept for 
surface fighting ships. New capital ships, according to this approach, would 
be as automatic as the Navy can make them, require small crews. Replacing 
some crewmen would be a number of computers: for startup and shut- 
down of the power plant, for navigation, for steering, for fire control, etc. 


@ Boston Eyes Automatic Transit 
Boston—The Metropolitan Transit Authority has started a feasibility study to 
determine if its lines can be converted to full automatic operation—with 
“absolutely no personnel on the trains” according to system General Man- 
ager Thomas J. McLernon. If the study proves technical feasibility at a cost, 
Boston will have the first completely ‘automatic railroad in the U.S. 
ES ARMOEIE  R COR, 
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Mobile Field laboratory is equipped with 
air pollution and standard meteorological 
measuring devices. It operates automatically, 
unmanned, seven days a week. Data is picked 


up daily and studied. 





Particulate matter is measured by this dust sampler which passes air 
samples over a filter built in the form of a continuous paper tape. 


apathy numbs progress 


Spectrometers and chromat- 
ographs have been enlisted 
in the battle against smog, 
and additional new instru- 
ments are needed. But apa- 
thy is likely to numb the ac- 
quisition and development of 
air pollution instrumentation. 


LOS ANGELES— 

Air pollution is a serious health 
problem in a growing number of cities 
and likely to remain so. Although 
some new measurement techniques 
have been enlisted in the battle to 
detect and analyze the polluting ma- 
terials, the apathy of practically every- 
body threatens to stall any widespread 
program to detect, monitor, or clean 
up the nation’s air. Meanwhile, inter- 
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est in air pollution instrumentation 
stays in the curiosity stage. 

Even in Los Angeles, which has the 
most publicized smog problem in the 
world, the budget for research and 
personnel to work in air pollution has 
been cut back this year. In the New 
York metropolitan area, where for 
many years the industrial suburb from 
Jersey City to Secaucus, N. J., has 
been called a “garbage heap” because 
of the offensive, eye-watering atmos- 
phere, public officials still have shrug- 
ged off any program to correct the 
malodorous air. 

Probably half of the total air pollu- 
tion instrumentation in the United 
States is located in California. The 
two biggest users: the Los Angeles 
County Air Pollution Control Dis- 
trict and the Bay Area Air Pollution 
Control District in San Francisco. 

What’s happening in the field was 
summed up last month by a specialist 
in Los Angeles who told CtE that 
a steady stream of visitors and mail 
ply the Air Pollution Control District 


with questions about measurement 
techniques and instrumentation. The 
questions come from the U.S. Public 
Health Service, industrial firms, cities, 
and education and research institu- 
tions—not only in the U.S., but they 
also come in from Western Europe 
and Asia. 

These inquiries are preliminary 
ones, says the LA engineer. Before 
the questioners can make any progress 
they first must sell city councils and 
state legislatures that a need for an 
air cooneee rogram exists, then 
they have to sell a lot harder to get the 
politicos to appropriate the necessary 
funds for instrumentation and person- 
nel. To date, only a handful of air 
pollution experts have been able to 
clear that last hurdle. 

¢ What to measure—One reason for 
the apathy on the part of city and 
state officials, is that it is hard to pin 
down the blame for smog and just as 
hard to nail the deleterious effects. 
Nobody will accept the blame for air 
pollution. Medical men agree that 
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Hydrocarbon content is measured by gas chromato- 
graph. Hydrocarbons are first solidified by a freezeout 
trap of liquid nitrogen. 


smog probably contributes to cancer, 
can irritate throat and nasal mem- 
branes, and causes eye watering. 
Rarely have the results been as dra- 
matic as in London, England, where 
smog contributed to the deaths of over 
5,000 people in 1952. 

Two types of contaminants appear 
to be the cause of the trouble: 1) 
particulate matter such as soot, dust, 
or metal particles and 2) oxidants, 
gaseous compounds that undergo 
photochemical oxidation to produce 
peroxides that burn eyes, damage vege- 
tation, and reduce visibility. 

Cause of the first is thought to be 
industrial plants with faulty smoke 
stacks, incinerators, and _ rubbish 
dumps. Although many smoke con- 
trol programs have been started, en- 
forcement has frequently been lax 
because officials are reluctant to cite 
the industries on which they are de- 
pendent economically. The second 
type of contaminants seems to be asso- 
ciated with the hydrocarbons emitted 
by automobile engine exhausts and 
hydrocarbon gases emitted by petro- 
chemical processing plants. In this 
case too, the elimination of the oxi- 
dants would appear to require stern 
measures like the recent law passed in 
California requiring smog suppressors 
on all automobile exhausts in a few 
years. California, however, is an ex- 
ception; most states are not yet willing 
to press for such restrictive legislation. 
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How much dirt?—To determine 
the amount of particulate matter in 


the air requires physical air sampling. 
One method is to suck a fixed volume 
of air past a piece of filter paper which 
is weighed before and after a 24-hour 
exposure to the air stream. From the 
weight a tester can calculate the num- 
ber of micrograms of matter per 
cubic meter of air. Instruments to 
make this measurement cost about 
$150; typical manufacturers: Staplex, 
Mine Safety Appliances, and Davis 
Instrument Co. 

Because this technique requires 24 
hours to make a measurement, it is 
being replaced or complemented by 
a Gemeon air sampler made by Re- 
search Appliance Co. (Allison Park, 
Pa.), a device costing about $350 and 
producing a reading as frequently as 
every two hours, the cycle chosen by 
the Bay Area Air Pollution Control 
District. Here is how it works. Air 
passes through a filter that has been 
built in the form of a continuous tape, 
the flow hitting only one section of 
the tape during the sampling period. 
At the end of the sampling period, the 
tape is moved automatically so 
another portion is exposed for the next 
period. Evaluation depends on the 
relative darkness of the spots produced 
as compared to a standard index. 

¢ Any oxidants present?—To an in- 
dividual suffering in a smog, the 
oxidants cause the most discomfort. 


Oxidant content is measured in the field by 
this hand-held Lovibond comparator. 


The amount of such compounds in 
the air can be determined either by a 
manual method or an automatic one. 

In the manual method, the air to 
be tested is bubbled through a small 
quantity of phenolphthalein at a rate 
of 1 liter per min for 10 min, Oxi- 
dants in the air turn the solution pink, 
and the degree of pinkness determines 
the concentration. To measure this 
concentration, the solution is passed 
into a colorimeter. A slide rule caleu- 
lation converts the percent light trans- 
mission into percent oxidants in the 
air sample. 

An automatic method, called the 
Standard Method or the Potassium 
Iodide (KI) Method, passes air 
through a small quantity of potion 
iodide solution flowing continuously 
from a reservoir. Oxidants react to 
form atomic iodine in quantities di- 
rectly proportional to the amount of 
oxidant in the air sample The solu- 
tion, yellowed by the iodine, then 
flows continuously into a photocell 
chamber which measures light trans- 
mission, converts it to a signal that 
is recorded graphically. 

One advantage of this method, be- 
sides its being continuous and auto- 
matic, is the stability of the KI solu- 
tion, compared to phenolphthalein 
which usually has to be refrigerated. 
One disadvantage, however, is that 
some peroxides do not react with the 
solution, so that a KI method reading 
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is almost always lower than a 
phenolphthalein measure. 

To measure oxidants the San Fran- 
cisco BAAPCD, for example, uses 
both methods. It has purchased a 
number of Lovibond comparators, an 
English phenolphthalein device that 
costs about $40 and can be used in 
the field as well as in the laboratory. 
It converts degree of pinkness directly 
to percent oxidants in the air sample. 
In the laboratory two photoelectric 
colorimeters are used; one costing 
about $3,000 performs correlation 
work, the other costing $300 does less 
delicate testing. 

The Bay Area’s KI device, a 
Krueger Oxidant Recorder made by 
Beckman Instruments. (cost: about 
$6,000), is housed in a truck-borne 
mobile laboratory which makes peri- 
odic readings throughout the district. 

¢A trace of hydrocarbons—Probably 
the most difficult contaminant to 
measure is the hydrocarbon content 
that seems to do a lot of damage even 
in very small quantities. Much of the 
effort of the Bay Area group since it 
was established in 1958 has been 
aimed at identifying and measuring 
hydrocarbon components in the air. 
Some of these compounds are photo- 
chemically active and can readily re- 
act with other substances, so that air 
contaminants may be found later in 
a different form as a result of physical, 
chemical, or photochemical changes 
and interactions. 

The infrared spectrophotometer 
has proved to be a big help in meas- 
uring these hydrocarbon concentra- 
tions. For one thing the instrument 
can analyze low concentrations—down 
to a few parts per million—even from 
small samples whose volumes are only 
25 to 50 liters of air. Direct laboratory 
analysis previously required samples as 
large as 5,000 liters collected continu- 
ously for periods up to 80 hours. 

The gas chromatograph also func- 
tions as a valuable analytical comple- 
ment to the spectrophotometer. ‘The 
Bay Area group, for example, has 
modified a Beckman Chromatograph 
to concentrate small quantities of con- 
taminants present in some of the large 
volume samples that are taken. A 
freezeout trap of liquid nitrogen con- 
centrates the hydrocarbons by solidi- 
fying them before analysis. 

¢ Other gas detectors—In Los An- 
geles, which has one of the most 
active air pollution groups in the 
world, additional instruments are re- 
fining the analysis of oxidants. For 
example, LA uses a sulfur dioxide 
autometer, built by Leeds & North- 
rup, to measure concentrations of that 
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Skinner combines unique diaphragm 
assembly and V5 solenoid 
operator in new L Series valves 


Skinner has now combined its 
famous V5 solenoid operator with 
a unique diaphragm assembly in 
a new line of two-way and three- 
way valves—the versatile L Series. 

Unusually long life is assured 
by this new diaphragm assembly. 


The 3-way diaphragm consists of 


two tough laminates of nylon 
fabric coated with a Buna-N rub- 
ber separated by a thin Teflon 
disk. The assembly is virtually 
100% supported in the open and 


small area exposed to pressure 
differential during operation. Life 


tests show that this type of di- 


aphragm far out-performs all 


others tested. 
The two-way diaphragm and 


spindle assembly supports a seal 
retainer and soft, synthetic seal 


which provides bubbletight seal- 
ing of the main orifice. This seal 
fits on a shoulder which extends 
beyond the seat and helps to 
cushion the closing motion—thus 


A—Transparent view of normally closed 3-way solenoid valve 
B—Front view of diaphragm assembly 


C—Spindle seal retainer and diaphragm assembly 
closed positions with only a very minimizing water-hammer. 


Low cost 2-way and 3-way valves to meet your high flow industrial requirements 


Skinner L Series solenoid valves 
feature forged naval brass bodies, 


model—a 2-way normally closed 
valve—available at especially low 


stainless steel and brass internal budget cost. 
parts. They are available nor- All 3-way and 2-way normally 
mally closed, normally open and _ open valves are supplied with a 
directional control in standard piped exhaust return. For cata- 
and explosion-proof construction. logs and complete information, 
In addition to the many exclu- contact a Skinner Distributor 
sive features, these Skinner valves listed in the Yellow Pages or 
are low in price, and with one write us at the address below. 


SKINNER L SERIES SPECIFICATIONS 
TWO-WAY 





THREE-WAY 





Pipe Sizes, NPTF eee gh ae ye Pe a 


Orifice Sizes 1” %” 4" 4" 4", %" 








Operating 
Pressure 
Differential 


Minimum 5 PSI 5 PSI (%” 10 PSI) 
Maximum 150 PSI 150 PSI 





Position ’ Normally closed, 
Normally open 


Normally closed, 
Normally open, 
Directional control 








Leakage Bubbletight Bubbletight 


Temperature Range Minus 40°F to Minus 40°F to 
(Ambient and Media) plus 180°F plus 180°F 
*has 4” orifice 





Cutaway views of 2-way and 3-way valves showing 
how the unique diaphragm assembly and solenoid 
operator are combined in these new valves. 





When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


“VD SKINNER Vives 


SKINNER ELECTRIC VALVE DIVISION, 
THE CREST OF QUALITY THE SKINNER CHUCK COMPANY e¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A. 
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gas, which are usually low in Southern 
California. The device relies on the 
effect of conductivity change when 
sulphur dioxide contacts an aqueous 
reagent containing hydrogen peroxide. 

A carbon monoxide analyzer, an 
infrared device built by Mine Safety 
Appliances, is used in the field. An 
ozone photometer, built by Harold 
Kruger Instruments Co., compares the 
intensity of light of 2,537 Angstroms 
(a wavelength ozone absorbs readily) 
transmitted through two cells in paral- 
lel; one holds a sample of untreated 
air, the other contains a sample from 
which the ozone has been removed. 
And a nitrogen oxides recorder meas- 
ures the concentration of both nitro- 
gen dioxide and nitrogen oxide. 

¢ New instruments needed—Instru- 
mentation for air pollution is far from 
reaching the mature stage. Experi- 
menters in the field would like to see 
some new instruments developed, par- 
ticularly for detecting hydrocarbons. 
One such desired device is an auto- 
matic monitoring device that would 
detect reactive unsaturated hydrocar- 
bons on a continuous basis. Other 
specialists would like to see a field 
instrument capable of measuring low 
concentrations of hydrocarbons right 
at the point of emission. Present 
sample taking, even with the spectro- 
photometer, is still cumbersome. 

An urgent need exists today for 
an objective opacity measurement de- 
vice that could measure the opacity 
of a smoke plume regardless of the 
color of the plume or the weather. 

Another area is correlating smog 
intensity with visibility. One approach 
is to use a light-scattering photometer, 
like the $1,700 instrument and re- 
corder built by Engineering Special- 
ties Co. But the Bay Area group is 
currently trying to build a device of 
its own based on this theory: measure 
the degree of blackness of the target 
and compare it to the brightness of the 
horizon in an instrument calibrated to 
the degree of visibility. 

All these new instruments must 
have one characteristic in common: 
a low price tag. The difficulty of get- 
ting anti-air-pollution budgets dictates 
it. For example, even in enlightened 
Los Angeles, the annual budget for 
instrumentation, research and _per- 
sonnel in air pollution is only $3,402,- 
459. In San Francisco the entire 
budget is $564,000. Neither budget 
offers much money to combat the 
gigantic smog problem facing most 
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industrial cities. - 


_Donald Winston westronics, INC. 
—Michael Murphy 
McGraw-Hill News 
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V44 - the new, ultra-stable, all-electronic digital voltmeter 


No longer must you trim decade or amplifier 
gain potentiometers to make accurate, high- 
speed measurements with an all-electronic digital 
voltmeter. The new transistorized NLS V44 has 
no pots at all in its decade circuits because of 
ultra-stable electronic switches ...no pots at all BRIEF SPECIFICATIONS: Accuracy +0.01% . . . 
in the amplifier because amplifiers are used only speed 3 milliseconds per reading . . . input impedance 
within the feedback loop, where amplifier drift 10 megohms . . . “anti-jitter” circuit . . . DC voltage 


: : : ranges +9.999/99.99/999.9 . . . millivolt ranges with 
becomes inconsequential. Here is the speed et preamplifier +99.99/999.9 ... AC ranges with AC/DC 


need — 3 milliseconds per reading — for meas- —_ converter 9.999/99.99/999.9 from 30 cps to 10 kc. . . 
uring high-speed transient data . . . for multi- 98% plug-in modular construction . . . digital output in 


channel data logging. Contact NLS for com- both decimal and binery coded decimal form . . « 


. ‘ simple plug-in accessories for automatic data logging 
plete information. and measuring systems . . . complete, $6,150. 


Originator of the Digital Voltmeter 


_non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
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Here are the highlights 
of the 1961 military 
budget as they apply 
to the measurement 
and control industry. 


HIGHLIGHTS FROM 1961 DEFENSE BUDGET 


RESEARCH, DEVELOPMENT, 
TEST AND EVALUATION 
Basic sciences 

Aircraft 


Miccnes 


> 


FY 1961 FY 1961 


$6,000 $6,000 
3,800 3,500 
1,700 1,6 1,600 
1,000 691 


1,200 1,000 
539 694 


$14,239 $13,485 


Control's Share of Military Budget 
Continues to Rise 


WASHINGTON— 
The military budget for fiscal 1961 
is the biggest the U.S. has ever had 
in peacetime. But increases in the 
$41 billion spending plan are the 
result of rising costs rather than ad- 
ditional purchases or projects. A close 
perusal uncovers some changes in tra- 
ditional spending habits to such newly 
active areas as underwater instru- 
mentation and control, and the con- 
trol industry seems to be benefiting 
from such switches. The control in- 
dustry’s share of the budget appears 
to continue to rise. 
You get some idea of the potential 
from these figures: 
> Military experts estimate that 35 
percent of all funds spent on the de- 
velopment and production of guided 
missiles goes for electronic controls, 
measurement systems, and related 
equipment. Control’s share, however, 
appears to be stabilizing. 
> The percentage of aircraft money 
spent on electronic controls continues 
to rise sharply with the added em- 
phasis on automated flight, navigation, 
and fire controls for manned aircraft. 
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On the average, measurement and con- 
trol represents 30 percent of the cost 
of an airplane. For some aircraft— 
the Convair F-106 all-weather inter- 
ceptor, for example—over 50 percent 
of the airplane’s costs is electronic 
gear. 

> Electronic measurement and con- 
trol systems are key elements in two 
other growing military programs: 
antisubmarine warfare and space tech- 
nology. The ASW program will total 
$1.7 billion this year, up half a bil- 
lion dollars in contracting over fiscal 
1960. A breakdown of how the money 
will be spent: 


$340.1 million 
762.3 million 
56 million 
25.5 million 


Aircraft procurement 

Ship construction 

Ordnance and ammunition. . 

Electronics procurement.... 

Research, development, 
test, and evaluation 


180.5 million 


Electronic procurement will run 
this way: sonar and detection equip- 
ment, $22 million; communications, 
$2.6 million; trainers, $862,000. 

ASW research, development, test, 
and evaluation expenses are estimated 


this way: classification, detection, and 
localization equipment—$63.4 million; 
weapons, ordnance, and fire control— 
$64.2 million; vehicles and propulsion 
equipment—$29.6 million; and “col- 
lateral, supporting, and related equip- 
ment”’—$23.3 million. 

¢ The major programs—Here is what 
is happening in the major programs 
in which measurement and electronic 
control systems play a key role: 

¢In aircraft—The slight rise in new 
aircraft orders reflects plans of the 
three services to hike production of 
several types of planes—despite the 
talk that manned aircraft are becom- 
ing obsolescent in modern warfare. 

The Air Force is boosting produc- 
tion of the Republic F-105 fighter- 
bomber by 50 percent this year, buy- 
ing jet transports, and is continuing 
output of the Boeing B-52 and KC- 
135 and the Convair B-58. Army pro- 
curement of light aircraft will be in- 
creased 35 percent. Navy orders will 
be stepped up almost $300 million 
for the North American Aviation A3jJ, 
McDonnell F4H, Chance Vought 
F8U-2N, and antisubmarine and 
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tanker-assault planes. On the other 
hand the Air Force has curtailed new 
procurement of interceptor planes. 

On the R&D side, the Air Force 
killed or slashed two big projects in 
the past year. North American Avia- 
tion’s F-108 long range fighter-inter- 
ceptor was cancelled, a program in 
which International Telephone & 
Telegraph, Corp. held contracts for 
major control subsystems. North 
American’s project to develop the 
Mach 3 B-70 bomber was drastically 
cut back to build only two prototype 
planes for flight experiments. Virtu- 
ally all work on control systems was 
curtailed. Among the major subcon- 
tracts cancelled: IBM, bombing and 
navigation subsystem; Sperry, auxiliary 
gyro platform; Westinghouse, defen- 
sive subsystem; Motorola, mission and 
trafic control; NAA-Autonetics, auto- 
matic flight control; and John Oster, 
power plant instrumentation. 

Now it is likely the B-70 project 
will be resumed on a larger scale. 
Congress added $190 million extra 
to the administration’s $75 million 
budget for the project to reinstate it 
as a complete weapon system. This 
would mean reinstatement of key R&D 
subcontracts. 

Other aircraft R&D money is going 
into Army mobility and reconnais- 
sance planes; Navy long-range search, 
antisubmarine, and fleet air defense 
aircraft; and Air Force short and verti- 
cal takeoff planes, the Dyna-Soar 
boost-glider, orbital vehicles, aircraft 
nuclear propulsion systems, and a new 
heavy transport aircraft. 

eIn missiles—The Defense Dept’s 
Advanced Research Projects Agency 
is hiking its missile range measure- 
ments program to $57 million this 
year—$11 million more than last year. 
Purpose is to study physical phenom- 
ena associated with missile launching, 
flight, and reentry, etc.—to aid de- 
velopment of detection, discrimina- 
tion, tracking, and intercept tech- 
niques. Work will be divided among 
visual, radiation, infrared, and ioniza- 
tion projects. 

The bulk of this year’s instrumen- 
tation increase will go into a radar in- 
stallation at Kwajalein Island and 
other apparatus for the Pacific Missile 
Range running southwest of the Van- 
denberg AFB-Pt. Mugu complex. 

On weapon systems, quantity pro- 
duction is now underway for a wide 
range of missiles: the Navy's Side- 
winder and Sparrow air-to-air rockets, 
Polaris ballistic missile, Bullpup air-to- 


surface, and Tartar, Talos, and Terrier 
Transducer Division antiaircraft missiles; the Air Force’s 
Atlas and Titan ICBMs, Hound Dog 
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air-to-surface missile, Quail Decoy 
penetration missile, and Bomarc inter- 
ceptor; and the Army’s Sergeant, 
Hawk, Lacrosse, Redeye, Nike Her- 
cules, and Little John Missiles. 

In research and _ development, 
projects being pushed the heaviest are 
Navy's Eagle air-to-air missile, the Air 
Force’s Minuteman ICBM and Sky- 
bolt air-launched ballistic missile, and 
the Army’s Nike Zeus antiballistic 
missile system. Bendix is Eagle’s 
prime contractor; Autonetics is con- 
tractor for Minuteman guidance; 
Douglas Aircraft is Skybolt’s prime; 
and Western Electric is Nike Zeus 
prime contractor with Sperry Gyro- 
scope, RCA, and Remington Rand 
Univac as major subcontractors. 

The Army’s effort to begin produc- 
tion and deployment of Zeus is still 
stymied. Defense Dept. R&D officials 
believe that while the system would 
be effective against low-rate-of-arrival 
single warheads, Zeus’s firepower 
could be easily saturated by oncoming 
enemy missile warheads and decoys. 
So the production decision on Zeus 
has been held back until the system’s 
capabilities can be expanded. 

¢ Space technology—The two major 
military projects are the Air Force’s 
Midas infrared warning and Samos 
reconnaissance satellites. Lockheed 
Aircraft is prime contractor for both. 
Midas contracting plans have been 
jacked up from $52 million last vear 
to $100 million, Samos from $160 
million to $200 million. 

Smaller astronautic R&D budgets 
are set aside for the Navy's Transit 
navigation satellite and the Army's 
Courier communications _ satellite. 

¢ Antisubmarine warfare — R&D 
emphasis is being placed on detection 
and classification devices and tech- 
niques. Scientists are striving to 
produce the long range, positive 
identification device needed to spot 
the nuclear powered sub. 

The Navy's arsenal of antisub 
weapons stacks up impressively. There 
are new lightweight homing torpedoes 
—submersible guided missiles—to track 
down and destroy enemy submarines 
at long ranges. These can be launched 
from ships, aircraft, or subs. 

Destroyers and frigates are now 
armed with a rocket-propelled depth 
charge which can be fired quickly in 
any direction from a trainable mount. 
A new rocket-launchce:| torpedo sys- 
tem has been deveioped which de- 
livers a homing torpedo to a point 
several thousand yards from the 
launching ship in seconds, is installed 
on a trainable mount, and is integrated 
with the ship’s fire control system to 
obtain a high degree of accuracy. 

—Morton Reichek 
McGraw-Hill News 
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Ricut HANDS UP, GENTLEMEN? Then repeat this 
phrase: “We resolve to get the tape that gets all the 
high frequencies —‘SCOTCH’ BRAND High Resolu- 
tion Tape.” 
All levity aside, there’s no need to settle for 
second-best. With “SCOTCH” BRAND Tapes 158 and 
159 you get sharp resolution in high frequencies, 
good low frequency response—plus the consistent 
performance of a uniform tape. 
A GOOD RESOLUTION ON TAPE—- Since “SCOTCH” BRAND high potency oxides are 
more efficient than ordinary oxides, a thinner coat- 
Tape high frequencies, whip the dropout problem __ ingcan be applied to the polyester backing, and the 
sensitivity at short (1 mil) wave lengths is still about 
with “SCOTCH” BRAND High Resolution Tapes 3% db greater than that of ordinary oxides. This 
thinner coating means a more flexible tape, permit- 
ting the intimate tape-to-head contact so necessary 
to sharp resolution in the higher frequencies. Thanks 
to “SCOTCH” BRAND silicone-lubricated binder sys- 
tem, backing and oxide are locked together as a 
system. Tape passes over heads friction-free, with 
even motion, minimizing phase and frequency shift 
distortion. 

You can pack more pulses per inch, and get 
either standard or extra playing time with “ScoTcH” 
BRAND High Resolution Tapes. Your dropout count 
is lower because uniformity is higher. Only “ScotcH” 
BRAND can draw on 3M’s more than 50 years of 
experience in precision coating techniques. The 
result is a consistent tape with a uniform coating 
you can depend on for reliable performance. 

“SCOTCH” BRAND High Resolution Tapes meet 
your need for top high-frequency response even in 
pulse code modulation (PCM) and pre-detection 
(video) applications; so switch now from tapes that 
may well be made obsolete by new instruments. 

Whatever your application—data acquisition, re- 
duction, or control programming — experienced 
“SCOTCH” BRAND technology has a dependable tape 
for the job. Sandwich Tapes 188 and 189 cut head- 
wear, eliminate oxide rub-off, last 10 times longer 
than ordinary tapes. New Heavy Duty Tapes 198 
and 199 give long wear, minimize static charge 
build-up. High Output Tape 128 gives top output in 
low frequencies, even at temperature extremes. And 
“SCOTCH” BRAND Standard Tapes 108 and 109 re- 
main the standard for instrumentation. 

Your nearby 3M Representative serves as a 
convenient source in all major cities. For details 
consult him or write Magnetic Products Div., 3M 
Company, Dept. MBS-90, St. Paul 6, Minn. 


© 1960 3M Co, 
“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 
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This CDC 1604 computer will receive weather in- 
formation from 5,000 stations, sort it, arrange it, 
and compute data for weather maps of the type 
shown below. Huge volume of data is handled by 
four Ampex handlers which allow a transfer rate of 
30,000 characters per sec. 
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Typical weather map pro- 
duced in experiments by 
the NANWEP 
(closeup above). This one 


was made on an IBM 717 | 


printer. When installation 
is operational, an automatic 
Electronic Associates plot- 
ter will prepare the maps. 
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Computer Talks about Weather, 
Makes Best Predictions 


MONTEREY, CALIF.— 

One evening early in 196] a Naval 
officer in the Navy Numerical 
Weather Problems Group (NAN- 
WEP) will take a reel of magnetic 
tape computer output, attach it to an 
automatic curve plotter, and turn a 
switch. Minutes later the plotter will 
supply him—and the U. S. Navy—with 
a sheaf of diagrams which will con- 
stitute the freshest, most complete, 
and most accurate  ready-to-read 
weather map ever made of the north- 
ern hemisphere. 

But that’s not all. The first map, 
though unique, will be only a by- 
product. The plotters will also spew 
out, from the same reel of tape, a sim- 
ilar graphical representation showing 
what the weather pattern will be up 
to 72 hours in the future. This docu- 
ment—the first of its kind in the his- 
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tory of meteorology—will be serit daily 


by facsimile transmission to Navy | 
bases throughout the northern hemi | 


sphere and to the U. S. Weather 
Bureau in Washington. It will enable 


weathermen to make highly accurate | 
predictions for their local areas. It will | 
aid navigators in predicting such phe- | 
nomena as wave height. And it will 
be used extensively in weather re- 


search. 
The next step, after production of 
weather maps has been made routine, 


is direct prediction of weather, by | 


computer, for designated local areas 
with 100 percent reliability. The ul- 
timate goal: control of the weather. 

¢ Numerical approach—The numeri- 


cal approach to weather forecasting is | 
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not new in theory. As far back as the 
1920’s meteoroligists laid the ground- 
work for a system of weather predic- 
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For immediate information 
on “SCOTCH” BRAND 
Instrumentation Tapes, contact 


your nearest 3M branch office: 


ATLANTA, GA. — 732 Ashby Street, N.W. 
Telephone: TRinity 6-4401 


BEDFORD PARK, ILL. (Chicago Office)— 
6850 South Harlem Avenue, Argo Post Office, 
Telephone: GLobe 8-2200 (Chicago—LUdlow 
5-7800) 


BUFFALO, N.Y.—330 Greene Street (P. O. 
Box 2012, Zone 5), Telephone: BAiley 5214 


CINCINNATI, OHIO—4835 Para Drive, Tele- 
phone: ELmbhurst 1-2313 


CLEVELAND, OHIO—12200 Brookpark Road, 
Telephone: CLearwater 2-4300 


DALLAS, TEXAS—2121 Santa Anna Avenue 
(P. O. Box 28158), Telephone DAvis 7-7311 


DETROIT, MICH.—411 Piquette Avenue, Tel- 
ephone: TRinity 5-7111 


HIGH POINT, N. C. — 2401 Brevard Street 
(P. O. Box 151), Telephone: 3496 


HONOLULU, HAWAII—1410 Kapiolani 
Boulevard, Telephone: 996-483 


LOS ANGELES, CALIFORNiA—6023 South 
Garfield Avenue, Telephone: RAymond 3-6641 


NEWTON CENTER, MASS. (Boston)—1330 
Centre Street, Telephone: DEcatur 2-9810 


PHILADELPHIA, PENN. — 5698 Rising Sun 
Avenue, Telephone: Pligrim 2-0200 


RIDGEFIELD, NEW JERSEY (New York)— 
700 Grand Avenue, Telephone: WHitney 3- 
6700 (N.Y.—OXford 5-5520) 


ST. LOUIS, MISSOURI—10725 Baur Boule- 
vard, Telephone: WYdown 1-1320 


ST. PAUL, MINNESOTA—367 Grove Street, 
Telephone: PRospect 6-8511 


SEATTLE, WASHINGTON—3663 First Avenue 
South, Telephone: MUtual 2-5550 


SOUTH SAN FRANCISCO, CALIFORNIA— 
320 Shaw Road, Telephone: PLaza 6-0800 
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MUIRHEAD = iri 
Synchros are 


in demand 


The high reputation which MUIRHEAD synchros 
and servomotors enjoy on both sides of the Atlantic 
is creating a bigger and bigger demand. 

Long experience and a high degree of 
manufacturing skill ensure that all MUIRHEAD 
synchros, from 08 to 23, are of the finest 

possible quality. They meet all the 

requirements of Bu.Ord., N.A.T.O. and 

British Military specifications. 

A broadsheet is available which 

briefly describes all models. Data sheets 

and prices are available for 

specific types. 
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MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


MUIRHEAD INSTRUMENTS INC., 441 LEXINGTON AVENUE, NEW YORK 17 N.Y. U.S.A 
Telephone: MURRAY HILL 2-8131 ee 

MUIRHEAD INSTRUMENTS LIMITED, STRATFORD, ONTARIO, CANADA 
Telephones: 3717 & 3718 : 

MUIRHEAD & CO., LIMITED, BECKENHAM, KENT ENGLAND 
Telephone: BECKENHAM 4888 ; 
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tion which would involve making the 
largest possible number of observa- 
tions over an area, then arithmetically 
interpolating for those pockets in 
which observations had not been made. 

The resultant weather map, describ- 
ing the weather as observed at a given 
time, could theoretically be projected 
several days into the future by apply- 
ing six rather primitive equations. 
These nonlinear partial differential 
equations describe how the atmos- 
phere, as a fluid, behaves. They break 
down into three equations of motion, 
one of continuity, the first law of 
thermodynamics, and the ideal gas law. 

How to solve these six equations by 
desk calculation proved to be the 
stumbling block. Instead, meteor- 
ologists have had to content them- 
selves with drawing and examining 
their empirical weather maps and pre- 
dicting, from experience and knowl- 
edge of local weather patterns, what 
the weather will be in given areas. 
This ‘‘seat-of-the-pants” method pro- 
vides about 85 percent accuracy, a fig- 
ure that has not changed appreciably. 

With a high speed digital computer, 
meteorologists now have a way to do 
all the tedium involved in a strict nu- 
merical approach in a short time. 

¢Sea of data—Data input will be 
handled by a highly complex program 
now being written for an Avco-Crosley 
digitizer. The instrument, whose 
January delivery date is expected to 
coincide with completion of the pro- 
gramming phase, will convert weather 
information from punched teletype 
tape to magnetic tape for introduction 
into CDC 1604 computer. 

To get a comprehensive picture of 
what is going on meteorologically 
around the world, NANWEP will re- 
ceive daily teletype reports from 5,000 
weather stations. Most of these sta- 
tions are western world observation 
posts, which report in standardized 
form, but more than 1,000 are weather 
balloons, whose reports are often er- 
ratic. Data will also be taken from 
Soviet and Red Chinese weather 
transmissions, monitored and _trans- 
lated before entering the NANWEP 
system. 

¢Only a computer—The computer 
will receive this mformation in what- 
ever order it arrives, and will store sig- 
nals denoting temperature, baromet- 
ric pressure, sea water temperature, 
wind direction and velocity, visibility, 
cloud cover, dew point, and precipi- 
tation in that part of the memory rep- 
resenting the geographical location. 

In addition, the computer will an- 
alyze its input, converting all tempera- 
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BLH BUILDS WORLD'S 
LARGEST LOAD CELL 

TO ACCURATELY MEASURE 
1,500,000-LB. ROCKET THRUST 


America’s first rocket engine with a launching 
thrust of 1.5 million pounds is now being 
developed by Rocketdyne, a division of North 
American Aviation, Inc. 


One of the most critical factors in the successful 
firing of a rocket or missile is the exact determi- 
nation of weight and thrust. Present operational 
rocket engines are tested for weight and thrust 
by using a series of load cells of no more than 
100,000 pounds capacity each, along with 
allied instrumentation for computing data from 
the several sources. 


Now the BLH development of a single functional 
cell with a 1.5 million Ib. capacity will permit 
evaluation of total weight and thrust from one 
source, reducing the number of possible sources 
of error. Calibration and testing by the National 
Bureau of Standards has proved the load cell 


and its instrument system to be accurate to 
+0.10% of reading over the full scale from 
one-tenth to full capacity. The complete system 
will become part of Rocketdyne’s high-thrust 
test area at Edwards Air Force Base, Calif. 


BLH experience and capabilities in force and 
strain measurement are available for your use, 
whether in pioneering efforts such as this one, 
or in the improvement of existing measurement 
applications. Write for additional proof of 
BLH capabilities 

. . . OF contact 

your nearby BLH 

sales engineering 

representative for 

application engi- 

neering service. 





World’s largest single 
column load cell weighs 
2200 pounds, is 44 in. 
high, 20 in. in diameter. 


The huge load cell is 
performance tested 
during its development 
at the BLH plant. 


FIRST in force measurement 


BAUDWGVIN - LIMA: HAMILTON 
Electronics & Instrumentation Division + Waltham 54, Mass. <Q> KD) 


SR-4® Strain Gages * Transducers * Force Measurement Systems 
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Right to the heart of this vital product dimension . . . that’s where Brook- 
field can take you. Consider this an invitation to ask Brookfield to bring 
you up to date on how viscosity control, through Brookfield instrumenta- 
tion, can be profitably applied to your processes. Viscosity measurement, 
recording and control can now be accomplished automatically for prac- 
tically any fluid material. Low investment Brookfield portable and proc- 
ess-mounted instrumentation now plays a major role in practically every 
phase of chemical processing and research. 


Be sure to visit Booth 1914 
ISA Show Sept. 26-30th 


THE WORLD’S STANDARD FOR VISCOSITY 
MEASUREMENT AND CONTROL 


” Brooktield 


ENGINEERING LABORATORIES, INCORPORATED 
STOUGHTON MASSACHUSETTS 
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tures to Centigrade and other meas- 
urements to the metric system where 
necessary. And the machine will re- 
ject any implausible readings, basing 
the decision on arbitrary limits set by 
the programmers and on comparison 
with previous entries. When all re- 
ports are in the computer memory, 
arithmetic interpolation will automati- 
cally supply readings for those points 
not represented by a reporting station. 

At this point the console operator 
can ask for a tape readout of weather 
maps based on input and interpolation 
alone. What comes out is a weather 
map of the past 24 hours. However, 
by ordering the computer to solve the 
equations relating to atmospheric be- 
havior, using the stored input figures 
as known factors, the computer will 
supply within minutes a weather map 
for an immediate future period. 

The automatic curve plotter, being 
built by Electronic Associates, will 
draw isobars and isotherms on tape 
command and will print out appropri- 
ate numbers for each weather map. 

The machine-made maps will pro- 
vide so much information that sev- 
eral maps will be required to provide 
all of it in readable form, for example: 
wind speed and direction and baro- 
metric pressure, isotherms, wide scale 
precipitation, vertical velocity of at- 
mospheric layers. 

The curve plotter will not be de- 
livered until January; for experimental 
purposes in the meantime NANWEP 
is using an IBM 717 printer, pro- 
grammed to provide a curve effect 
by shading with numerals. 

As NANWEP’s program nears op- 
eration, a few final problems still have 
the weather scientists worried. A 
major difficulty may develop if Russia 
and Red China switch from radio to 
closed-circuit teletype transmission of 
weather data—U. S. is now eavesdrop- 
ping on communist weather broad- 
casts. If this source is shut down, 
NANWEP will be deprived of a vital 
block of its weather information. 
NANWEP officials hope that an 
agreement will be worked out to ex- 
change such information openly. 

Another difficulty is a shortage of 
weather reporting stations. Hurricanes, 
for instance, breed in a part of the 
Atlantic seldom traveled by ships; con- 
sequently a hurricane can be days old 
before it is even reported, much less 
tracked. Possible solutions include 
setting weather buoys in the ocean and 
launching instrumented rockets and 
satellites to fill in missing bits of 
weather information. 

—Donald S. Winston 
McGraw-Hill News 
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Heres a Memo 
You Wont For 


A FULL LINE OF CLARE STEPPING SWITCHES 
WITH MANY IMPROVED FEATURES 


Switch 


ie i the New 


Has 10 points, with as 
many as 120 contacts 
in twelve 10-point levels 
or four 30-point levels. 


TYPE 211 
Offers up to 132 contact 
points on twelve 
11-point levels or four 
33-point levels. 


Up to 480 contact 
points in twelve 
40-point levels or 
320 in sixteen 
20-point levels. 


Up to 624 contact 
y points in twelve 
ts a, 52-point levels or 416 


DIRECT DRIVE 
Up to three 10-point 
levels, phus an off 
iti 


Complete data on construction fea- 
tures, circuitry, performance charac- 
teristics and application advantages 
of the entire CLARE line. 


SEND FOR CATALOG 202 TODAY 


For Bulletin CPC-7 Please Circle Number 45. 
For Catalog 202 Please Circle Number 162. 


CLARE 
CAM-OPERATED 


type 200 ote 5 eee 


control unit in re- 
duced space and with simpler wiring. 
Actuating cams can be cut with a se- 
quence of notches and lobes programmed 
to meet the contact switching desired. 
In addition, the Type 200 acts as a 
memory switch of unusual dependabil- 
ity and long life. 

Operating life is measured in millions 
of steps. Over 30,000,000 operations 
have been logged with two cams and a 
36-tooth ratchet; 10,000,000 with eight 
cams. Models are available with from 
1 to 8 cams. Operating speed is 60 sps, 
self-interrupted, 30 sps, remote- 
impulsed. 

The Type 200, as are all CLARE step- 
ping switches, is available with a wide 
variety of hermetically sealed enclosures 
or dust covers to insure precise opera- 
tion under all conditions. 


Production quantities available in late 
fall: Send for Bulletin CPC-7 


C. P. Clare & Co., 3101 Pratt Blwd., Chicago 
45, Illinois. In Canada: C. P. Clare Canada 
Ltd., P. QO. Box 134, Downsview, Ontario. 
Cable Address: CLARELAY 


Relays and Related Control Components 





GENESYS 
DISC MAGNETIC 
MEMORIES 


Contact recording —long life reliability — 
higher pulse packing densities in an econom- 


ical, lightweight and space-saving package. 


Ideally suited for 
computers 

where continuous 
trouble-free operation 
is essential 


The Genesys UMM-3 (8” disc) 
offers an information storage capac- 
ity up to 400,000 bits. Outstanding 
characteristics include no dropouts 
...low cross talk...minimum modu- 
lation...low write currents and high 
output voltages. Electroless plating 
provides optimum surface character- 
istics. No signal loss in over 8000 
hours of continuous operation. 

50 Magnetic Read/Write Heads are 
interchangeable and readily acces- 
sible. Write current range: 30 to 60 
ma peak to peak. Read voltage level: 


75 mv peak to peak @ 1800 rpm. 


WRITE FOR GENESYS BULLETIN UMM-3 


G 
GENESYS 


10131 NATIONAL BOULEVARD 
LOS ANGELES 34 
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Optical Programmer 
for Numerically Controlled 


Drill Press 


LOS ANGELES— 

In the manufacture of circuit 
boards, numerically-controlled drill 
presses have won approval for the time- 
consuming operation of drilling the 
large number of holes for connections. 
But some users have been concerned 
about the amount of time required 
to make the punched tapes to pro- 
gram such control. Last month a 
new numerical control for a drill press 
promised to make the programming 
job easier with a new optical program- 
ming technique that increases hole 
positioning accuracy while substan- 
tially reducing total programming 
time. A development of Micro-Path, 
Inc., the new contour drilling ma- 
chine, called the MPI 440, has four 
drill heads, a top drilling speed of 500 
holes per minute. 

To program the MPI 440, an opera- 
tor views an etched master circuit 
board or a negative film of the master 
on a conventional comparator pro- 
jector, moves the hole with a position- 


FIG. 1. Optical programmer. for new nu- 
merically controlled drill press. Joy stick in 
operator's right hand moves projection of 
hole on circuit board master within toler- 
ance circle on screen. Operator then enters 
“drill down” command on recording tape. 


FIG. 2. Block diagram of positioning con- 
trol. Joy stick velocity control has an ex 


ponential response. 
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Servomotor 


ing control (see block diagram) under 
a tolerance circle superimposed on the 
viewing screen, then enters a “drill 
down” command on the recording 
tape. Average positioning time ~is 
about two seconds. 

Currently two methods have been 
used to program the drilling of cir- 
cuit boards. In one a steel drill guide 
is prepared manually, but because of 
the manual efforts, the placement of 
holes is not always accurate. In the 
other method a contact negative, or 
a first etched board, is read with a 
toolmakers microscope to determine 
the X and Y coordinates of each hole. 
These coordinate values are then 
punched into a tape to program the 
numerically controlled machine. 

The new system does away with the 
manual determination of the X and 
Y axis, which turns out to be the most 
likely operation for errors to develop. 
Instead, an operator puts an etched 
master board (or the negative to be 
used for contact printing) into a view- 
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IN ADVANCED MAGNETIC COMPONENTS 





EPSCO DELIVERS ITS SPECIFICATION 


BITS Off the shelf: a complete line of high quality metallic 
tape-core storage and shift register bits; combines exceptionally 
small size, rugged construction, and reliability with low cost. . . 
completely compatible with Epsco transistor digital circuits. A 
complete line of transistor drivers complements these plug-in 
magnetic circuits. 


ASSEMBLIES Storage at the lowest “per bit” cost — reliable 
Operation under severe environmental conditions. Assembled 
with Epsco standard “‘bits” — plug-in cards for buffer memo- 
ries, code translators, signal distribution, systems, etc. Available 
in serial, serial-parallel and parallel-serial modes of operation. 
Operate directly with Epsco transistor digital circuits. 


BUFFERS Built to your specifications from off-the-shelf 
standard magnetic assemblies and transistor digital circuits. 
The ultimate in flexibility to instrument your requirements 
rapidly. For information storage of up to approximately 1000 
bits, these magnetic buffer memories offer exceptionally low 
cost and operation over a wide temperature range. 
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ALL EPS 
FOR BITS, 
ASSEMBLIES, 
AND BUFFERS 


Epsco offers a complete family of 
building block components which 
includes magnetic circuits, tran- 
sistor digital circuit cards and 
modules, together with such sup- 
porting products as mounting fix- 
tures and packaging accessories. 
For more detailed information on 
these time-tested products, write: 








COMPONENTS 


A division of Epsco, Incorporated, 275 Massachusetts Ave., Cambridge 39, Mass. 
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of the sea 
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| ing slide under the positioning table, 
and a small portion of the view is 
projected. He proceeds from hole to 
hole following a colored path marked 
on the board. 

To move the positioning table so 
that a hole fits into the tolerance 
circle of the screen, the operator 
moves a joy stick which is a velocity 
control with an exponential response. 
As a result, large movements of the 
control stick near the vertical pro- 
duce slow movements on the drill 
table; when the control stick is fully 
extended, however, the table can 
move at a maximum speed of 100 
in. per min. 

An operator can check the accu- 
racy of a program by running the tape. 
During the replay, he watches the 
comparator screen to verify that all 
programmed holes fall within the tol- 
erance circle on the viewer. The ma- 
chine can play back four times as fast 
as its programming rate. 

In the machines which Micro-Path 
has built for the A. C. Spark Plug 
Div. of General Motors, first buyers 
of the new control, each of the four 
drill heads can cut 30 holes per min- 
ute—with a stack of four boards under 
each, almost 500 holes per minute. 
Accuracy of positioning is plus or 
minus 0.001 in. Price of the complete 
machine tool is less than $30,000. 

—Michael Murphy 
McGraw-Hill News 


Russians Develop 
Ternary Digital Computer 
At the Moscow Power Engineering 


Institute, students have developed a 
ternary digital computer which has 





Far below the surface, in a sealed steel ball on the Trieste bathyscaph, 
a new chapter in undersea history is being recorded—-on magnetic 
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relative humidity, a high 


performance instrumentation tape recorder captures a permanent 
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PRECISION INSTRUMENT COMPANY 
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Representative in. principal cities throughout the 
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been named Setun after a river which 
flows by the Russian college. Instead 
of operating on a binary system which 
would use only two digits (one and 
zero), Setun runs on three: positive 
pulses, negative pulses, and zero pulses. 

Ternary code, reports the Russian 
publication Krasnaya Zvezda, doubles 
the computer speed and cuts the num- 
ber of components in half. (But U. S. 
designers who have looked at the 
ternary code for computers feel that 
using zero pulses can be dangerous. 
Loss of a pulse for any of many rea- 
sons would be recognized as a zero 
pulse, would result in an incorrect 
solution. ) 

Design features of the machine: 
4,000 “quick action” magnetic ampli- 
fiers replace vacuum tubes; magnetic 
dium contains program storage, and 
small secondary storage (type unde 
fined) of 162 words is also used. 
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space 
can be 
expensive 








in instrumentation tape recorders, 
as anywhere else, 


space costs money 


PRECISION recorders save money. They offer 
full-size performance, in less than 4% the space... 
they use less power... they cost less to operate 
and maintain...and they cost less initially. 

They give you flexibility, for rack mounting or 
portable use, with up to 14 channels of analog 

or 16 channels of digital solid-state electronics. 
Write for detailed new brochure 55A. 


ees 





= 
PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET * SAN CARLOS © CALIFORNIA 
Phone LYtell 1-4441 © TWX: SCAR BEL 30 
} REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Here’s what they’ve done with this 
remarkable READALL® instrument 


Several weeks ago, we used the ad you 
see in the picture to ask a question and 
give some facts. We said that the READ- 
ALL readout instrument was about the 
size of a candy bar, and that it could 
display, store or transfer up to 64 differ- 
ent numbers, letters or symbols without 
using complicated conversion equipment 
and “black boxes.” 

We explained that the READALL in- 
strument was originally developed for 
data display in flight control equipment. 
We described the READALL instrument as 
an electro-mechanical, D.C. operated, 
readout device for displaying characters 
in accordance with a pre-determined 
binary code. . . a compact self-contained 
device . . . which can be applied to the 
output of digital computers, teletype re- 
ceiving equipment, telemetering systems, 
or wherever data must be displayed. And 
we wound up by asking about new appli- 
cations for our READALL instrument. 
Here are some of the answers to our 
question: 

1. A leading aircraft corporation is using 
READALL instruments in a visual inter- 
com system in patrol aircraft that’s con- 
nected with anti-submarine warfare. 

2. Another company uses READALL in- 
struments in ground checkout equipment 
for a new Air Force bomber. 


3. An oil company uses these readout 
instruments in a data reduction system 
that converts magnetic tape seismo- 
graphic data to printed digital data and 
graphic chart strips. 


4. A missile manufacturer uses READALL 
instruments in an automated “Missile 
Skin” milling machine. 


5. These readout devices are being ap- 
plied in nuclear reactor work for remote 
control and indication of rod position. 


6. READALL instruments are now used in 
an electric power station monitoring 
system in Philadelphia. 


7. READALL instruments are being used 
in display boards for the Air Defense 
Headquarters. 


8. Another aircraft manufacturer uses 
READALL instruments in a flight simulator. 


9. A branch of the military designed the 
READALL instruments into an airborne 
bomb-direction computer. 


10. An aircraft systems manufacturer 
uses READALL instruments for display 
and print-out of data with a computer 
in a high altitude weather reconnaissance 
project. 


We would be happy to tell you more about the READALL and its applications. 
We would be happy to hear from you about possible applications. Please write to us 


at the address below. 


“Croneers in Pubh-Button Science” 


S> 
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UNION SWITCH & SIGNAL 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —= 
PITTSBURGH 18, PENNSYLVANIA 


WHAT’S NEW 


EUROPEAN REPORT 


Soviet Productivity Plans 
Hit Some Snags 


MOSCOW— 

Although the Soviet Union is mak- 
ing progress toward its goal of raising 
worker productivity and quality of 
output through introduction of auto- 
matic systems, the job of closing the 
gap between laboratory and produc- 
tion line is proving troublesome. 

This is the picture that came out 
of the July plenary meeting of the 
Communist Party’s Central Commit- 
tee, called to assess progress under the 
Seven Year Plan. 

The Soviets see automatic control 
as a key factor in their determined 
drive to overtake, then surpass, Amer- 
ican industry. ‘They look to it to in- 
crease labor productivity—now only 
half that in the U. S.—and improve 
the admittedly low quality of many 
Soviet goods. 

The party plenum was held behind 
closed doors so outsiders know only 
what was published in the Moscow 
press. But these reports clearly indi- 
cate the Soviets see two main prob- 
lems in mechanization: to speed its 
absorption into the production lines 
of the nation and to improve relia- 
bility of the systems that are installed. 

¢ Progress in theory—Some reports 
of progress graced the plenum meet- 
ing. V. A. Trapeznikov, director of 
the Institute of Automation and Tele- 
mechanics, pointed out that Soviet 
scientists are among the world’s best 
in control theory. And he noted suc- 
cessful applications in space rockets, 
nuclear reactors, and in metallurgical 
and other industries. 

Yet, in the words of Trapeznikov, 
“the situation in the materialization 
of ideas is absolutely unsatisfactory.” 
Some evidence: 

eThe introduction of automatic 
railroad traffic control is lagging. 

¢ 37 percent of all industrial loading 
and unloading is still manual. 

¢From 25 to 30 percent of all the 
machine tools in the Gorky, Lenin- 
grad, Moscow, and Chelyabinsk re- 
gions is more than 20 years old. 

Most serious is the delay in putting 
new technology to work. According 
to Trapeznikov, “The time from the 
beginning of research to its introduc- 
tion in industry usually runs into sev- 
eral years.” Industrial plants’ delay 
in implementing new ideas is one of 
the chief causes of the lag. 

¢ Shift the load—Trapeznikov’s own 
solution is to shift more of the load 
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THE A.W.E. ANALOGUE TO DIGITAL CONVERTER 


For taist 
aes 


ei ales: 








The A.W.E. Analogue to Digital Converter, 
type A.D.C.1., by performing up to §5,000 
conversions a second, prevents bottlenecks 
caused by lack of speed—the main drawback in 
incorporating such converters in a system. An 
8-bit binary converter, the A.D.C.1. provides a 
reliable link between the two forms of signal. 

Transistors are used throughout the unit to 
ensure resistance to shock and vibration, and 
plug-in boards allow rapid and easy servicing. 





% Extremely High Speed 

% Flexible and Reliable 

%* Low Power Consumption 
% Fully Transistorized 

% Suitable for Rack: Mounting 
% Easy Servicing 


Specifications include provision for both serial and 
parallel digit outputs and for external sample and 
digit drive. The accuracy of the unit is + 4 the 
least significant digit + 0.25% over a tempera- 
ture range of o-40°C. Units can be supplied to 
accept analogue inputs whose scale factors range 
from 0-6V to 0-60V. Total power consump- 
tion is only 11 watts from a nominal 230V 
supply. Overall dimensions of the unit are 19 ins. 
Xx 10.5 ims. x I2 ins. 


ARMSTRONG WHITWORTH EQUIPMENT te: c.oucester QQ TELEX «313 
‘SIR W.G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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NEW—CONTINUOUS READING METER-RELAY 
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GIVES CONSTANT CONTROL 
UPSCALE OR DOWN 


API's new Continuous Reading Meter-Relay (CRMR) can do a 
diversity of control jobs for you. It will monitor and control just 
about any variable that can be translated to electrical values. It will 
handle low-level microamp or millivolt signals without amplification. 
In many applications, the CRMR’s high sensitivity will permit sim- 
plification of control circuitry. In any application, it will give 
accurate (+2% or better), non-cyclic control. 


The CRMR is simple. It consists of a D’Arsonval meter with 
toggle-mounted contacts; a load relay does the control switching. No 


signal-sampling interrupters are required. Reset is automatic and 
instantaneous. 


Reliability? The CRMR is right now in service on such critical 
applications as monitoring radiation level. 


Our Bulletin S-2-1 shows how the CRMR works, and gives full 
details on available ranges and prices. The latter, not incidentally, 


are a lot less than you might expect for so versatile an indicating 
control. 


ASSEMBLY PRODUCTS, INC. 


Chesterliand 5&2, Ohio 


S.A. 2203 
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WHAT’S NEW 


for automatic systems research to ex- 
perimental workshops and plant lab- 
oratories “‘so more thoroughly finished 
designs will be produced”. Also, co- 
operation between research institutes 
and design offices must be increased 
so “it will be known beforehand where 
a new design will receive its embodi- 
ment.” The Central Committee, in 
its final report, ordered planning 
bodies to submit proposals within six 
months on how this coordination 
should be achieved. 

Responsible authorities also have 
been ordered to “take steps to expe- 
dite construction of pilot-model, com- 
prehensively automatic enterprises—to 
disseminate their working experience 
in industry and transport as soon as 
possible”. 

Trapeznikov underlined the need 
to concentrate on more reliability in 
automation, along with longer service 
life and strength of components and 
wide introduction of the principles of 
program control. 

He said the reliability problems re- 
quire “profound research”, that it is 
“the key problem and actually will de- 
cide the question whether extensive 
automation is to be or not to be”. 

e The plenum acts—Many observers 
considered the plenum disappointing 
because it provided few real details of 
how automation is progressing, par- 
ticularly since automation received ad- 
vance billing as one of the main topics 
of the meeting. 

It will be months, at best, before 
it will be possible to judge whether 
any of the corrective measures ordered 
by the Central Committee will be 
fruitful. These included: 

¢A blanket order that planning 
bodies and regional economic coun- 
cils “carry out measures to accelerate 
introduction of achievements of sci- 
ence and engineering in production of 
more advanced machines, equipment 
and instruments for integrated mech- 
anization and automation”. The em- 
phasis should be on problems whose 
solution would bring the most sub- 
stantial economic effects. 

¢ More and better specialists should 
be trained. 

¢ There should be more standardiza- 
tion. Planning bodies “should deter- 
mine jointly the nomenclature and re- 
quirements in automatic machines and 
control and measuring instruments 
necessary for fulfillment” of automa- 
tion goals, at the same time taking care 
to plan output of this equipment in 
necessary quantities. 

—Emest Conine 


McGraw-Hill World News 
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WORKING 
PARTNERS 


ROCKETDYNE AND SOUNDCRAFT INSTRUMENTATION TAPES 


At North American Aviation’s Rocketdyne division, the re- 
cording of rocket engine performance on static stands, calls 
for the use of only the most reliable of instrumentation tapes, 
like Soundcraft. Why? Because Soundcraft Instrumentation 
Tapes combine exact physical and electrical properties so 
necessary to assure absolute reliability of performance—as a 
direct result of being manufactured in the world’s most 
modern tape plant under the most advanced quality control 
system. 


In short, experience has proven that Soundcraft Instrumenta- 
tion Tapes work best in recording of critical rocket testing 
operations. Why not let precision-made, error-free Sound- 
craft Instrumentation Tapes go to work for you? Complete 
literature on request. 


REEVES S0 l) N f) C RAFT CORP Great Pasture Rd., Danbury, Conn. @ Chicago: 28 E. Jackson Bivd. 
e Los Angeles: 342 N. LaBrea @ Toronto: 700 Weston Rd. 
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Judging by 
the Company 
eC 


..-‘The Company We Keep” insist 
on perfection in their Control Sys- 


tems,...excellence in workmanship is | 


a hallmark of Control Systems cus- 
tom manufactured by Electro-Mech. 


For one example, consider the 
Electro-Mech cast bronze air-header, 
which we use in “supply-air” service 
on pneumatic control system jobs. 
This leak-proof, sturdy unit makes 
a more dependable total installation. 


A little thing, you say...it is a little 
thing, but many small improvements 
in construction details make the dif- 
ference between an ACCEPTABLE 
control panel, and one that’s UP TO 
ELECTRO-MECH STANDARDS. 


We invite you to join the “Company 
We Keep” by requesting an Electro- 
Mech quotation on YOUR next Con- 
trol Systems requirement. 


Electro-Mech Corp., Norwood, N. J. 


3 
Electro-Mech 
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__WHAT’S NEW 


AROUND THE BUSINESS LOOP 


Will Bullard’s Patent Claims 


Test Numerical Control? 


An old line machine tool builder 
feels it has some basic patents in 
the positioning field, is offering 
licenses to control firms. 


BRIDGEPORT, CONN.— 

Engineers who have been wonder- 
ing just how good numerical control 
systems patents are may get their 
answer soon. The Bullard Co. of 
Bridgeport has initiated a series of 
restrained negotiations with about 20 
control firms and machine tool build- 
ers throughout the U. S. and abroad 
to license what may be blanket rights 
covering the concept of numerical po- 
sitioning control. 

eBehind the scene — Bullard’s 
strength is in its patents on Man-Au- 
Trol, a unique programming and po- 
sitioning system for automating a 
vertical turret lathe, first issued in 
1944. The modern version of this 
control uses a 50-station indexing 
drum for programming a machining 
cycle. Each station or line across the 
drum represents one step in the cycle 
and has a series of pegs or dogs that 
are preset by the operator. Then as 
the drum indexes, the pegs trip 
switches that control tool selection, 
direction of cut, feed speed, table 
speed, etc. 

Working in conjunction with the 
programming drum are four position- 
ing drums, each in effect resembling 
a stack of 50 circular cams. ‘Two 
drums (coarse and fine) are geared di- 
rectly to the drives for the X motion 
of the tool slide, and the other two 
are coupled to the Y motion. The 
positioning-drum cams, which are also 
preset in accordance with the part pro- 
gram, rotate as the slide moves and 
thus serve as a direct indication of tool 
position. At the end of any given tool 
movement, the coarse and fine cams 
associated with that particular step in 
the cycle trip switches to slow down 
and then disengage the slide drive. 

It appears that Man-Au-Trol bears 
some degree of kinship to the newer 
crop of point-to-point positioning svys- 
tems. Punched tape may replace the 
programming drum, and various kinds 


of synchros, digitizers, scales, etc. may 
serve the purposes of the cams. 

Bullard has enjoyed great financial 
returns from Man-Au-Trol, reaching 
production peaks near 30 machines 
per month during the jet engine build- 
ing programs. And design efforts kept 
pace with production: since 1944 a 
total of 13 patents encompassing al- 
most 500 separate claims have been is- 
sued to protect the Man-Au-Trol con- 
cept and associated equipment. 

¢ First action—Bullard’s first move 
was to send form letters to a number 
of the leading proponents of numeri- 
cal control, such as Micro-Path, Inc., 
Div. of United Industrial Corp., Gen- 
eral Electric, Compudyne Corp., and 
Giddings and Lewis. 

The letter enclosed copies of all 13 
Bullard patents and suggested that the 
addressee might be interested in re- 
viewing them. It stated also that 
Bullard was prepared to issue non- 
exclusive licenses under one or more 
of the patents “at reasonable royalty 
rates”. 

Among the patents’ claims, one 
reads: 

“In a machine tool, a tool head 
adapted to be moved in either direc- 
tion along a path of travel; pre- 
settable control means having a plu- 
rality of stations, each adapted to 
be rendered effective by a step-by- 
step indexing mechanism for con- 
trolling the direction, rate and ex- 
tent of movement of said head 
along said path; an electronic circuit 
adapted to cooperate with said pre- 
settable means being adapted to pro- 
vide a predetermined signal voltage 
in said electronic circuit for each 
station to which it is indexed; means 
responsive to the movement of said 
tool head for nullifying said signal 
voltage; and means responsible to 
the null condition of said circuit for 
causing said pre-settable means to 
be indexed to its next succeeding 
station.” 

Bullard is awaiting action on its cur 
rent invitation. As a second step, 
Bullard’s patent lawyers have pains- 
takingly dissected given systems and 
identified areas of apparent corre- 
spondence. The GE-Bullard negotia- 
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CUY a 
QUALITY 


ACCURACY 
RELIABILITY 
IN “7 SERVO MODULES 


In designing and producing servo modules to your speci- 
fications, Clifton Precision Products Co. manufactures 
95% of the parts used. What does this mean to you? 
It means that the same high accuracy, reliability, and 
quality which go into the manufacture of CPPC synchros 
are maintained in CPPC Systems. This one source re- 
sponsibility gives you the added advantage of a con- 
tinuous Quality Control activity which guarantees a high 
quality product. 


CPPC has had years of broad experience in researching, 
designing, developing, and manufacturing a wide variety 
of servo packages. A few examples of our products are 
shown on this page. Here at your service is a first class 


SEPTEMBER 1960 


engineering design and manufacturing team from re- 
search through production. 


Write for a more detailed facilities brochure or telephone 
Sales Department, MAdison 2-1000 or our Representa- 
tives. 


CLIFTON PR 
Clifton Heights 


RODUCTS CO., INC. 


Pennsylvania 
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ANOTHER ELECTRO-MECH FIRST: 


ViS-A-SYSTEM 
INTEGRATED CONTROL CONSOLE 





VISUALLY AND 
FUNCTIONALLY 
INTERLOCKED: 


* GRAPHIC PROCESS 
DISPLAY 


ANNUNCIATION 
EQUIPMENT 





INSTRUMENTATIGN 


CONTROL 
ELEMENTS 


PROPYLENE SPLITTER UNIT 
CONTROL CONSOLE 


With this control console, Electro-Mech Corporation 
introduces what is literally a new dimension to 
control-panel design. Here for the first time is realiza- 
tion of complete integration of all functional aspects 
of the control console. 


You are invited to see a demonstration of an actual 
VIS-A-SYSTEM® Integrated Control Console at the 
Annual ISA Show: Booth 1705, New York Coliseum, 
September 26-30. 


Electro-Mech Corp., Norwood, N. J. 
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| wHar’s new 


tions, in particular, have reached this 
point and attempts are being made to 
arrange a roundtable discussion among 
the legal and engineering forces of 
both companies. 

¢ Environment for negotiation—The 
stakes are high. E. P. Bullard, presi- 
dent of the company, states: “Unless 
we can be shown that our patents are 
invalid or that they do not cover other 
types of ——- controls, we be- 
lieve that a royalty fee on the order of 
3 percent of net sales price of the con- 
trols would be a reasonable basis for 
negotiation.” 

Based on surveys of the market for 
numerical control systems conducted 
by Controt ENGINEERING (CtE, pp. 
75-77, Oct. ’59) a 3 percent royalty 
could mean retroactive payment to 
Bullard of about $400,000 for 1960 
alone. And a like amount might be 
claimed for systems sold prior to 1960. 

With the output of numerical con- 
trol systems mushrooming license fees 
could amount to between, $5 and $10 
million in the next eight years, when 
one of the primary patents expires. 

¢ Bullard’s team—Leading the ne- 
gotiations for Bullard is a team 
which includes President Bullard, who 
has a personal interest since he is 
credited with inventing Man-Au-Trol. 
Most of the patents are in his name. 

Backing Bullard is a patent lawyer, 
Paul M. Geist, who was educated at 
Carnegie Tech and spent years in the 
patent office in Washington, D. C. 
He has been with the company long 
enough to personally write all 13 pat- 
ents, can recite them practically from 
memory. To aid Geist the company 
retained the big patent firm of Davis, 
Hoxie, Faithfull & Hapgood as liti- 
gating attorneys. 

¢ What next?—Despite good peo- 
ple, patents, and profit opportunities, 
Bullard has not yet decided how far 
it will go to push its claims. Once its 
position is appreciated by the numeri- 
cal control companies, Bullard expects 
that they will agree to negotiation. It 
therefore believes that litigation will 
not be necessary. 

Whatever the procedures and out- 
come, the negotiations of Bullard with 
“the punched tape people” will be 
watched with profound interest by 
control engineers everywhere. 


—John D. Cooney 


Crane Joins Three Units 
In Systems and Controls Group 
Three subsidiary companies of 


Crane Co., Chicago based valve and 
(Continued on page 260) 
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Here’s the only X-Y instrument — that gives 
you extremely fast response time — direct, large area 
recordings — 1% linearity: the SANBORN MODEL 
670A X-Y RECORDER. ‘rhe capabilities of the 
670A make it particularly valuable in such applica- 
‘tions as rapid recording cf diode and transistor charac- 
teristics . . . hysteresis curves for control systems, 
gyros, servo valves, magnetic coils; velocity or 
acceleration vs. vibration of mechanical elements. 
Inputs to each axis are through interchangeable 
“850” series preamplifiers, and can range from micro- 
volts to volts. With Model 850-1500A Low Level pre- 
amplifiers, 62.5 uv gives a 1” chart deflection; wiih 
Model 850-1300B DC Coupling preamps, 31.25 mv 
gives 1” chart deflection. To record 
one variable against time on the 
X-axis, the Model 670-800 Time 
Base Generator is also available. A 
plug-in MOPA is available to supply 
fixed frequency excitation to pre- 
amplifiers. 
Recordings are made on 8” x 8” 
daylight -loading, ultraviolet-sensi- 
tive charts by an optical (light beam) 


Record 
X-Y variables directiy 


: 


HYSTERESIS IN MAGNETIC COIL. 
This plot of magnetomotive force vs. flux 
density was recorded on the Sanborn 
Model 670A X-Y Recorder. The complete 
trace was made in 1/60th sec. 








weYy 


SANBORN 
COMPANY 


INDUSTRIAL DIVISION 
475 Wyman Street, Waitham 64, Massachusetts 


recording system. The trace may be monitored on 
phosphorescent screen before recording, beam intensi- 
ty is adjustable for maximum sharpness, and X and Y 
axes may be recorded directly on the chart. Brief post 
exposure in room light develops the record. 


SPECIFICATIONS 
Input: single-ended or push-pu!! 


Input Impedance: 5 megohms from each high input 
terminal to cm with | 850-1300B premarin «a 


a to 130 cps within 3 db at 8” 
phe rn ak flection 


Sweep Rates with Time Base Generator: from 0.01 to 
2 seconds 
Output Drift: 0.04 inch /hour with 850-1300B 
Packaging: Optional cabinet 2114” 
x 20” x 20” high, or can be rack 
mounted in 15°,"’ of panel space 
Power Recuirementas 450 watts, 
115 volts, 60 cycles AC 

Ask your local Sanborn Sales- 
Engineering Representative for com- 

information on the Model 
70A X-Y Recorder, or write the 
Industrial Division in Waltham, 
usetts 





© at 2500"/sec. writing speeds 
© on 8" x 8" charts 

e with 1% linearity 

e from microvolts to volts 


At the 1.$.A. Show in N.Y.C., Sept. 26-30 
Booth 1331 & 1333 





MAINTENANCE 
PROBLEMS” 


OF UTILITIES OF A 
LARGE STEEL MILL* 


CONOFLOW Series LB 


When approached for a comparison of main- 
tenance costs between Conoflow LB control 
valves and other control valves, he exclaimed, 
“There are no costs of maintenance on LB 
valves. We’ve never had any trouble with them!” 


Such dependable, maintenance-free perform- 
ance saves a plant like this tens-of-thousands- 
of-dollars in downtime annually. Consider the 
various trades that have to be called into 
action or held idle when a control valve must 
be taken out of a line, the capital tied up in 
idle machines, and loss of production. 


Did you ever figure out what an hour’s down- 
time costs in your plant? Wherever such 


*Name on request 


figures are known, the Conoflow LB control 
valve makes “‘dollars-and-sense”’ savings that 
can’t be beat. 


We show here only a few of hundreds of 
“testimonial” installations where users en- 


thusiastically endorse Conoflow LB Valves. 


_ Let our representative 
give you an actual dem- 
onstration and tell you 
more... or write today 
for Bulletin LB,Conoflow 
Corporation, 2100 Arch 
St., Philadelphia 3, Pa. 


orrow 
. Seen conern.ot VALVES 


VISIT CONOFLOW BOOTH 1445, New York 1960 ISA SHOW, September 26-30 


— 


CONOFLOW CORPORATION... 
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MONROBOT XI Another Achievement from Monroe 








FROM NOW ON, e/ectronic computers 
wil/ all be judged by this one. The 
MONROBOT XI /s an a//-purpose 
electronic computer priced and sized. 
for the moderate-size business unit. 
MONROE has ingeniously compacted 
al/ the functions of the super-giant 
computer into a desk-size sotid state 
machine any typist can operate. 
Despite appearances, this is no 
miracle, though that may be disputed 
by elated businessmen for whom 
e/ectronic data processors had always 
been far too big or too costly. And to 
those already initiated, it brings the 
expanded benefits of.decen- 
e/ectronic data processing 

ng how /ittle Monrobot X/ 


/pay you back. 


6 


See the MAN trom MO 
/ 
° 


~ 
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Monroe Calculating Machine Company, Inc. Sales and service in principal cities everywhere. General offices, Orange, N. J. 
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INSTRUMENT CORPORATION 


CONSISTENT RELIABILITY 


in production-quantity miniature floated gyros 


with trimmed drift rate of 


HUNDREDTH DEGRE! HOUR 


Designed-in reliability and the most precise production techniques have 
combined to produce the new ZERO-ONE Gyro. The first in a new series 
of IFG-300 integrating floated gyros, the ZERO-ONE is a proud achieve- 
ment in the long line of gyro developments by REEVES. 


The combination of high reliability and extreme accuracy make the ZERO- 
ONE Gyro the ideal choice for guidance and stabilization systems where 


guaranteed performance is paramount. 


For complete specifications, write for data file 109. 


Qualified engineers seeking rewarding opportunities in these advanced fields are 
invited to get in touch with us. 


eS ee ek A EOS RL GER RN oe eet: — One oe 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America @ Roosevelt Field, Garden City, New York 


7RV60 
SEPTEMBER 1960 


IFG-300 
Integrating Floated Gyro 


TYPICAL SPECIFICATIONS 
Trimmed Drift Rate: 0.01 degrees/hr 
Angular Momentum: 300,000 c.g.s. units 
Damping: 300,000 c.g.s. units 


Nominal Signal Generator Sensitivity: 
10 mv/mr @ 50 ma, 400 cps 


Torque Generator Sensitivity Range: 
0.05 to 3.0 degrees/hr/ma’ 


Time Constant: As low as 0.4 msec. 
Mass Unbalance: 0.4°/hr/g 
Anisoelasticity: 0.003°/hr/g? 


Dimensions: 1.8 in. x 2.75 in. 








Now, with one instrument, you can 


Lmv at 


@ 411A Voltmeter ae 


Voltage Range: 10 mv rms full scale to 10 volts rms full 
scale in seven ranges. Full scale readings of 0.01, 0.03, 
0.1, 0.3, 1,3 and 10 volts rms. 

Frequency Range: 500 KC to 1,000 MC with accessory 
probe tips. 

Accuracy: 1 MC to 50 MC, +3% of full scale; 50 MC to 
150 MC, +6% of full scale; 500 KC to 1,000 MC, +1 db. 

Meter Scales: Two linear voltage scales, 0 to 1 and 0 to 3, 
calibrated in the rms value of a sine wave. Db scale, 
calibrated from +3 to —12 db; 0 db = 1 mw in 50 ohms. 

Galvanometer Recorder Output: Proportional to meter 
deflection, 1 ma into 1000 ohms at full scale deflection. 

Probe Tip Furnished: Pen type Probe Tip, 500 KC to 50 
MC. Shunt capacity less than 3 picofarads at 1 volt, 
less than 4 picofarads at 10 mv. Shunt resistance de- 
pends on voltage and frequency. 

Other Probe Tips Available at Additional Cost: VHF Probe 
Tip, 500 KC to 250 MC. Shunt capacity less than 1.5 
picofarads at 1 volt, less than 2 picofarads at 10 mv. 
Shunt resistance depends on voltage and frequency. 
Type N “Tee” Probe Tip, 500 KC to 1,000 MC. SWR less 
than 1.15 when terminated in 50 ohms. 


BNC Open Circuit Probe Tip, 500 KC to 500 MC. 


100:1 Divider Probe Tip, 500 KC to 250 MC. Division ac- 
curacy +1%. Shunt capacity 2 picofarads. Shunt re- 
sistance depends on voltage and frequency. 


Power: 115/230 volts +10%, 60 cps, 35 watts. 
Price: 4 Model 411A $450.00. 


G 


Data subject to change without notice. 
Prices f.0.b. factory. 
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instantly measure 


1,000 me! 


or any rf voltage 1 mv to 10 v, over the very broad 
bandwidth of 500 KC to 1,000 MC. Accuracy is higher 
than any similar voltmeter known. Measuring is as 
simple as “touch and read” on the big, high resolution 


linear scale. Annoying thermal drift errors are eliminated. 


Think of the times you would have liked to measure 
—with utmost accuracy—amillivolts at rf frequen- 
cies. 

Now you can do it, easily and dependably, with one 
compact instrument—the new ® 411A VTVM. 
This remarkable instrument has true linear opera- 
tion—no correcting networks are required. 


It has high temperature stability—negligible ac- 
curacy change from 10° to 40°C. 


Such performance stems from a unique, @-devel- 
oped circuit involving feedback applied to a diode- 
detector-de amplifier arrangement; and further in- 
volving instantly replaceable, encapsulated, 
matched diodes! 


Truly, this circuit has to be seen and operated to be 
believed. Write for a detailed description (ask for 
@ 411A Data Sheet) or better yet, call your ® rep 
for a bench demonstration. 


And how about these extra features: (a) the 
matched diodes are protected against burnout (b) 
probe is temperature compensated for low drift 
(c) @-developed amplifier photochopper elimi- 
nates contact noise, guarantees high sensitivity, 
zero-drift freedom (d) extra probe tips include 
units for high frequency measurement, for measur- 
ing on as well as at termination of coax transmis- 
sion lines, and a capacity divider increasing 411A 
voltage capability to 1,000 volts. 


Why put up with complex, cumbersome instruments? Get a new 
411A into action on your bench now! 


HEWLETT-PACKARD COMPANY 


1051H Page Mill Road, Palo Alto, California, U.S.A. 


Cable “HEWPACK” 


DAvenport 6-7000 


Sales representatives in all principal areas 
HEWLETT-PACKARD, S.A. Rue du Vieux Billard No. 1, Geneva, Switzerland 


Cable “HEWPACKSA” 
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Tel. No. (022) 26. 43. 36 
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Take your voltage supply where you need it 
with Sola’s portable sources of regulated voltage 


1 Portable filament transformer 
insures stable test conditions 


This static-magnetic voltage regulator, with capacity of 30va, 
provides a stabilized output of 6.3 volts, automatically and 
continuously regulated within +1% despite line voltage swings 
between 95 and 130 volts. 

Since no variants are introduced by line voltage dips or 
surges, your experimental and test equipment is given a con- 
sistent reference datum against which it can yield reliable data 
on other variables. 

The unit provides a high degree of isolation between input 
and output. Simple, rugged design eliminates moving parts, 
replaceable parts, manual adjustments, routine inspection 
and maintenance. 

Handy in the laboratory or at the shop bench, it plugs into 
any a-c wall or bench outlet, and provides an on-off switch 


and output jacks. ‘ : 
Write for Bulletin CVF 


Portable Solavolt power supplies 
give regulated a-c and d-c voltage 
for laboratory and test work. 


A-C and D-C Solavolts regulate output within +1% for line 
voltage variations as great as +15%, with a response time of 
1.5 cycles or less. 

Output of the a-c model is fully adjustable from 0 to 130 
volts, with less than 3% total rms harmonic content. This makes 
it ideal for instrument calibration, testing, or any operation 
involving elements sensitive to wave shape. 

The d-c model consists of a special type of Sola Constant 
Voltage Transformer, semiconductor rectifier and choke. 
Ripple voltage is held within 1% rms at full load. 

Solavolts have no replaceable parts, require no routine main- 
tenance. They are portable for bench use, or may be mounted 
on a standard 19-inch relay rack. 

Write for Bulletin CVL/DCL 


Portable Televolt improves performance 
of TV sets, radios, hi-fi, tape recorders 


This static-magnetic voltage regulator improves television 
reception by correcting line voltage variations which often 
cause picture flicker and distortion. It also stabilizes voltage 
for improved performance of high-fidelity amplifiers, radios 
and tape recorders. The unit regulates within +3% of nominal 
for input voltages between 95 and 130 volts, to give a nominal 
fixed output within the range of 115-120 volts. Requires no 
installation—merely plug it in and forget about it. The compact 
Televolt is automatically switched on or off by a relay whenever 
the equipment power switch is operated. 

Write for Bulletin 26J-CVA 





Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies, 
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts 


SOLA ELECTRIC CO. C] ES A Division of Basic Products Corporation 
Busse Road at Lunt, Elk Grove, Illinois, HEmpstead 9-2800 In Canada, Sola-Basic Products, Lid., 377 Evans Avenue, Toronto 18, Ontario 
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New Tally Tape Console cuts punched tape 
preparation time by 600% on Hound Dog missile 


Last fall, the first production model of the new 
Tally Tape Console was delivered to North 
American Aviation’s Missile Division to speed the 
preparation of punched paper tapes. The tapes in 
turn program both production and preflight missile 
checkout systems on SAC’s Hound Dog missile. 


Before the Tally Tape Console was installed North 
American Missile Division engineers took 30 hours 
to make and absolutely verify a 400-foot program- 
ming tape. To make and absolutely verify a dupli- 
cate copy of the tape required an additional 75 
minutes. 


The Results 

Now, North American Missile Division engineers 
using the new Tally Model 150 Tape Preparation 
and Editing Console make 400-foot tapes in three 
to four hours. Duplicate tapes are made in only 37 
minutes, And Tally tapes are guaranteed error free. 


Tally/ Seattle is pleased to have played a significant 
role in North American’s pace setting GAM-77 
program which took only thirty months from design 
to flight of production models by SAC crews. 


Tally’s Tape Console simplifies and auto- 
mates punched paper tape production 

It features tape-to-tape duplication and verification 
at 60 characters per second. A keyboard visual dis-. 
play and shift register reduces error and operator 
fatigue in both puriching and verifying modes. Tape 
corrections can be made without overpunching or 
splicing. 

The Tally Tape Console is another new product 
from a creative engineering team specializing in 
punched paper tape technology. Your nearby Tally 
engineering representative can provide you with 
complete technical information on the Tally Tape 
Console or you may write directly to Dept. 21 


TA rT L 7 


REGISTER CORPORATION 
1310 Mercer Street 
Seattle, Washington 
Phone: MAin 4-0760 
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a a CW development 


of vital importance —fo users 
of punch cards and tape 
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The Dobeckmun Company is now successfully laminating foil, Mylar* and paper in 
varying combinations to produce tape and card stocks of extremely high dimen- 
sional stability and strength. They have proven to be particularly valuable in complex 


control and programming systems that demand absolute fidelity of every compo- 
nent part. 


If you have special tape or card stock requirements, we shall be delighted to work 
with your development people in producing a special material. We feel confident 
that somewhere within the framework of our skills and diversified products we can 
be of service to you. Write for brochure of complete details. 


DOBECKMUN | 


The Dobeckmun Company, a Division of The Dow Chemical Company, Cleveland, Ohio « Berkeley 10, Calif. « Offices in most principal cities. 
*MYLAR IS A REGISTERED DUPONT TRADEMARK 


ad 
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| DAWN 
OF A 


NEW ERA 
IN 
INDUSTRIAL 
PROCESS 
CONTROL 





Why the 
LIBRATROL-1000 
COMPUTER excels at 


industrial process control 


PACKAGING FEATURES 


Sealed cabinet keeps out dust 
and corrosive fumes. Designed 
for ease of maintenance. 
Refrigerated cabinet main- 
tains the even-temperature 
environment that is so impor- 
tant to reliability of electronic 
components. Engineered for 
vibration resistance. 


INPUT-OUTPUT FEATURES 


Quick-access loop speeds 
input of transducer data and 
output of commands to actu- 
ators. Input and output can 
take place while computations 
continue. The number of 
transducers and actuators 
which may be integrated into 
a LiBrATROL®-1000 process 
control system is limited only 
by the type of program the 
application requires. 


OTHER IMPORTANT FEATURES 


Sequencing is by computer 
command and is thus change- 
able by program. Complete 
random sequence, fixed 
sequence, or single channel 
operation, at programmer's 
option. 8000-word memory. 
Binary number base. Serial 
mode of operation. 31-bit 
words plus sign. Two-address 
operation. 


-__.. 
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Only LIBRASCOPE offers a choice 


of two computer systems... 


LIBRATROL-1000 
The LrpratROL®-500 is a versatile but less expensive system... 
ideally suited to helping you learn your process requirements . . . 
developing a program for long-range conversions to automatic 
control...or fully handling on-line situations not requiring the 
special environmental packaging and high-speed capacity of the 
LipraTROL *-1000. Either is available on a variety of purchase or 
lease arrangements. 


LIBRATROL-500 


eeeeeveeeeeeeeeeeveeeeeveaeeeeee 
eeeeevers7ee ee ee eeeeeeeeeeeee 
eeeeveeeeeeeeeee eee eeeeeeeeee 
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Can the new era in Automatic Process Contro/ mean 
significant improvement in your Company’s operation? 


LIBRASCOPE 
DIVISION 


GENERAL 
PRECISION, INC. 


GLENDALE 1, CALIFORNIA 


specifications and operating information. Or better 
still, request consultation now with a 

Librascope Systems Engineer versed in the 
control requirements of your industry. 


Find out. Write for the new Libratrol brochure with D 


Computers that pace man's expanding mind 
* RADEMARK, GENERAL PRECISION, INC 





counting 

the 
“pulse” 

) 

industry 


...through MERIAM-:ILS electronic 


speed indicating systems 


MERIAM engineers are dedicated to the design and manufacture of 

speed indicating instruments. Their achievements already include out- 

standing accomplishments in the fields of automation, jet engine 

development, automobile components, conveyor control, pumps and 

electric motors. This is why we say . . . specify a Meriam matched 

system of pulse pickups, counters and digital readouts from a wide 

+ aoe ems OD variety of units which have been developed to meet the needs of virtually 

Tachometer Pickup. all applications. Meriam instruments are constructed for heavy-duty 

U. L. Approves. industrial use and, if required are available with explosion-proof 
housings for applications in hazardous areas. 


THE Mi Loe ¥¢ ; A Ni INSTRUMENT CO. 


ILS ELECTRONIC DIVISION 


Mode! 1313 
Remote Electronic 
Frequency Count 
ee The Meriam Instrument Co. 


IL S Electronic Division 
19903 Madison Avenue, Cleveland 2, Ohio 


Please send Bulletin No. 2000 
Name 


Company 
Model 1313P ae 
Digital Readout oe Sy ae Street 


City 
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Replacement 
takes only 
20 seconds! 


HOW MICRO SWITCH 
“Plug-in Limit” switches 

keep selling 

your machines... 


The limit switches you specify on your machines can be salesmen or “sore 
spots.” That’s why more and more machine tool builders are depending on 
MICRO SWITCH reliability. And, MICRO now offers the most complete 
line of “Plug-in Limit” switches in the industry. These timesavers offer 
many special advantages when you specify them for your equipment: 


1. MEASURABLE DOLLAR SAVINGS 


Actual case histories prove the 20-second replacement time sometimes saves 
hundreds of dollars in production time over ordinary limit switches. The 
switching unit plugs in like a radio tube. Receptacle need not be removed. 
Your customers will appreciate this reduction of down time. 


2. NINE DIFFERENT ACTUATORS 


The one receptacle is designed for any of the nine styles of actuators. 
Flexibility for the design of your machine; adaptability later if necessary. 


3. AUTOMATIC STATION CONTROL 


Your customer will be able to automatically disconnect any station on his 
line by simply pulling out the correct MICRO “Plug-in Limit.” 


4. BEST SEALS AVAILABLE 


The “O” Ring and gasket seals on these switches are the best available. 
Greater reliability for your machines, important because with customers, 
every actuation of a switch is a test of your equipment. 


See the Yellow Pages for the location of the nearby MICRO SWITCH 
Branch Office and ask for the full story on bow “200LS” Series “Plug- 
in Limit” switches can help sell your machines. Or, write for Catalog 84. 
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“MICRO sSwitc H “Precision Switches. 


The “200LS” line has rugged terminal blocks with heavy No. 8 ter- 
minal screws for easy wiring and sturdy, molded barriers to pro- 
tect plugs from damage. Operating head mounts in four positions. 


5. FLEXIBLE MOUNTING 


May be side-mounted or back-mounted for a possibility of 24 different 
mounting arrangements. 


- WIDER SELECTION 


MICRO SWITCH offers many variations to fit specific needs. All have the 
same receptacle size for easy interchangeability. There’s sure to be a model 
that fits your design needs. 


i as 


‘a - ‘Us taal 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 


MICRO SWITCH Precision Switches 


SEPTEMBER 1960 
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24 different 
mounting 
arrangements! 
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Latest news about the GOO 
A 


In 1960... Four ISI 609’s now serving the process and 
power industries. Four more to be delivered this year for 
Chemical process analysis and production control... Natural 


Gas dispatching... Electrical Utility power generation 


The 609 is exceptionally versatile—You get simul- 

Why customers taneous on-line automatic control and off-line 
analytical computation. Multiple programming is 

are buying the a practical reality in the 609 through automatic 


practical GOO priority interrupt. 


INFORMATION Expandable System — Optional disc memory pro- 
vides additional quick access working storage 
AND COMPUTER : , , we 
available in modules of various word capacities. 
SYSTEM 
On-Line Control Unit provides fast (2.80ms) multi- 
plication and square root—contains input-output 
controls for on-line communication with the 


process to be monitored and controlled. 


Index Registers—An extra digit in every instruc- 
tion word makes it possible for every command to 
function as an index register. 


Both the operator and the computer engineer can 
use this advanced system. A direct, plain English 
Input Control Panel enables the operator to 
change or read out any process data constants or 
scanned variables. 


BEST INVESTMENT IN THE CONTROL COMPUTER FIELD 


The solid state, reliable 609 is applied to your objec- 
tives by ISI—a company with 10 years of experience 
in engineering practical data systems for the power 
and process industries. 


Write for Technical Bulletin 609-100A 


INFORMATION SYSTEMS, INC. 


COMPUTER DIVISION & 10131 National Blvd., Los Angeles 34, Calif. 


~ 
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Raytheon’s Revolutionary A-D Converter 
Handles 2.5 Million Information Samples/Second 


It is 50 times faster than any other avail- 
able .. . about the size of an office typewriter 
... offers Industry and the Military a basic, 
solid state tool compatible with the speeds of 
newer electronic systems. 


It can, with modification, scramble video 
signals . . . or ride inside a satellite or 
missile, converting temperature and other 
environment data. 


Its applications encompass almost any 
product or process requiring continuous, 
automatic control of a constantly varying, 
multiphase system. 

It can, with equipment employing this 
technique, speed billing and payroll assign- 


EQUIPMENT 
DIVISION 


ments now handled by digital means... 
digitize target information faster, enabling 
radar control systems to intercept or guide 
missiles or aircraft more accurately .. . help 
analyze an oil refining process, or the tra- 
jectory of an ICBM, in millionths of a second. 


It is the most recent example of Raytheon 


Company Communications-Data Processing 
Capability. 


MAIL COUPON TODAY FOR FOLDER & SPECIFICATIONS 


Director of Marketing, Equipment Division, 
Dept. E2, Raytheon Company, West Newton, Mass. 
Please mail me further information on new 6-bit 


binary code A-D Converter. I am currently 
concerned with 


(type of system) 
Name & Title 
Company 
Address 
i City & State 


SS, 
Be eee es ees es ee ee 


















































ULTRASONIC SENSOR 
Model—Number 


PATENT PENDING 


aq new SSS Ss SS = 





elaitclatitela 
TamelUirolraterizve 
controls 








LGONAC ureasonic 


NON-CONTACT SENSING AND SWITCHING SYSTEM 


Before Sonac, sensing and switching control systems which 
involved breaking a beam of energy were limited by vibration, 
dust, smoke, steam, air contamination and too much or too 
little light. Sonac’s ultrasonic energy “beam” is completely 
free of these limitations. The acoustic lens on Sonac sensors 
can actually be painted without affecting performance. Utilizing 
high frequency sound also means there are no lamps to burn 
out. Savings in replacement parts and maintenance time often 
means Sonac pays for itself. Sonac is completely transistor- 
ized, providing you with a rugged, dependable electronic circuit. 


These are just a few of Sonac’s many aE ae 
uses. Optional equipment includes | 

reflectors for precision beam and po- 

sitioning control, and coupler assem- 

blies for use with flexible tubing for 

remote sensor locations. This descrip- 


DELAVAN Wish to ane yee 


Mh lanufactiring Company 


WEST DES MOINES « IOWA 
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New Cubic V-45 Digital Meters 


_— 


/ EA geht 


J 


Priced for Industry! 
Proven for Defense! 


SPECIFICATIONS 


Absolute accuracy: 0.02% +1 digit 
(rms sum of system tolerances) 

Input: Floating or grounded, from front 
panel connections. 

Input impedance: 10 megohms at 
balance 

Input filter: 60 cps rejection 

Ranges: Manually selected, 10% 
expanded range 
Low +0.000 to +10.999 vdc 
Mid +00.00 to +109.99 vdc 
High +000.0 to +1099.9 vdc 

Sensitivity: 1 millivolt 

Sensitivity control: continuous from 1 
digit to 10,000 digits, with 
standby lockout. 

Power input: 105-125 vac, 50-1000 cps, 
20 watts 

Dimensions: 19” wide x 54” high x 
15%” deep, rack or bench 
mounting, with dust-proof 
switch and bridze section 


SEPTEMBER 1960 


Now, at last, the top quality and 
dependability of Cubic digital volt- 
meters are available in a meter priced 
for the industrial market. It is the 
new four-digit V-45 Digital Volt- 
meter, fully transistorized, accurate, 
economically priced. 

The practical manager recognizes 
the costliness of operator errors 
through misreading and misinterpre- 
tation. These errors occur daily on 
the production line, in quality con- 
trol, testing and receiving inspection. 
Alert managers are continuously 
seeking instrumentation which will 
eliminate the human element in 
measurement procedures. 

The new Cubic Model V-45 Volt- 
meter is the answer. It offers the 
precision expected from custom-built 


equipment and covers the full d-c 
range from 1 millivolt to 1099.9 volts. 
It is rugged enough for operation in 
any industrial environment. Like all 
Cubic digital voltmeters, the V-45 
features the proven reliability and 
accuracy of transistor-driven stepping 
switches. 

Write for more information to 
Dept. CE-1, Industrial Division, 
Cubic Corporation, San Diego 11, 
California. 


V-45...the economy meter in 
a quality line, price $940.00 





cubic 
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UPTIMIZE 
ANY 
MODEL 


100 CYCLES 
PER-SECOND 


WITH DYSTAC COMPUTERS 


Whether your problems are dynamic or static, covering costs, 
design, or production control in: Operations Research, Chemical 
Kinetics, Aerodynamics, Structures, Astrophysics, or Hydrody- 
namics, DYSTAC computers can solve them faster, more accu- 
rately, and more economically than any other computer. 
The reason is simple: DYSTAC is a new kind of computer. 
It combines the best features of both analog and digital machines. 
Only DYSTAC by CSI incorporates high-speed repetitive oper- 
ations with dynamic storage of analog data to an accuracy of 


0.01% and with a time-base accuracy of +0.5 microseconds. 

DYSTAC provides unique time-sharing of computer compo- 
nents and high speed reiterations. These features make possible 
economic and rapid solution of complex problems that have 
required too many computer components, or too long a solution 
time, to be considered practical for either digital or analog 
machines. And you can expand the number of operational 
amplifiers by a flick of a switch which converts the precision 
Dynamic Memory units into Fixed and Summing Integrators. 








This curve describes the design parameters for the entire process, 
with the maximum design factor occurring at point (1). 


This curve describes the profitability of the process. Note peak 
(2), where maximum profitability occurs. 

This curve shows the product quality variation. Maximum 
quality plateaus at point (3). 

Optimization for the entire process is achieved by operating 
along points (1), (2), (3). 











60-SECOND SOLUTIONS OF EVEN THE MOST 
COMPLEX PROCESS PROBLEMS WITH DYSTAC 


The problem of optimizing feed stocks and operating con- 
ditions in chemical kinetics problems have defied continuous 
automatic solution. With any computer, other than DYSTAC, 
solutions are invalid as they require oversimplifications. 
DYSTAC computers solve these problems by least mean square 
procedures at high speed and with a minimum of compo- 
nents. Accuracies are held to +0.05%. Send for complete 
26-page report entitled “Correlation and Optimization of 
Chemical Kinetics Models”. 


Model correlated by DYSTAC computer 


20-SECOND SOLUTIONS FOR THESE PROBLEMS 
* multi-dimensional partial differentials (steady state or 
transient ) 


* sequential, successive solutions for algebraic matrices at 


60 to 100 cps 

* definite integral calculations 

* multiple integrals and partial differential equations 
...or any combination of these problems. 


Write for complete details on how DYSTAC computers 


can work for you. 


—SS COMPUTER SYSTEMS, INC., Culver Road, Monmouth Junction, N. J. * DAvis 9-2351 


A Schlumberger Subsidiary + formerly Mid-Century Instrumatic Corp. 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





FREEZING A MOLTEN WILL-O’-THE-WISP (to +: at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +14° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 
parts, and only one vacuum tube device in the 


entire system! An integral part of the CPM-1 
unit is a CONTROL Proportioning Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,” 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the proportioning 
reactor’s 2-milliampere windings, there were no 
more questions. However, we'll be happy to an- 
swer any you may have. 


Figure 1. Hagan CPM-1 Temperature Controllers. Square Boxes ore CONTROL Proportioning Reactors. 


ON YOUR BOBBIN, RESET, GO! 


Fiber glass is pulled through a die in the bottom of a 

“bath tub” of molten glass at more than 3 miles per 

NeTOR a. minute. It is wound on a bobbin, and when a “package” 

out is completed, the operator has 15 seconds to change 

bobbins and restart the operation. There is as much as 

a 15° temperature upset in the system, yet when the 

winder restarts, the controller must reset the tempera- 

ture at 2200° within +1° in the allotted 15 seconds. The 

“mate CONTROL reactor puts out 100 watts at 80 volts, sufficient 

power to drive the saturable reactor ahead of it, and is 

at the instant beck and call of rapid and minute changes 

THERMO-COUPLE in signal. The response of the overall Hagan system is 

mee better than 0.1 seconds at full output. When the first 

am tests were run, accuracy of control was found to be even 

wareat auararien — better than the +14° anticipated. Should you wish to 

learn more about these satisfactions with static control 

via our proportioning reactors, we'll be happy to answer 
your request for intimate details. 









































Figure 2. Schematic Diagram of Fiber 
Glass Furnace Temperature Control. 


STATIC CONTROL: (flexible and standard) 


The function CONTROL Proportioning Reactors play in 
a system (the Hagan Temperature Controller is a tell- 
ing example) is unique. The designer—for process con- 
trol, for machine tool control, for assembly line control, 
for almost any control—can feed a variety of input sig- 
nals into several isolated control windings in each pro- 
portioning reactor, and sum them to provide an ampli- 
fied control signal. The reactor’s figure of merit (ratio 


of volt-ampere amplification to time of response) is 
exceptional. It is as high as 1,500 for an N,.2/R,, of 1,800. 
Thus, there is both power and sensitivity for the de- 
signer who works with static control. Want to know who 
else among the nation’s leaders have joined production- 
smart Pittsburgh Plate Glass in the swing to static 
control? We'll be happy to tell you—and to help with your 
static control ideas. 
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RCA-110 Industrial Control Computer 
RCA-130 Industrial Data Transmission Link 
RCA-150 Industrial Data Analyzer and Recorder 


rom RCA... 


3 NEW Electronic Systems that 
Advance Industrial Automation 


... With capabilities that range from simple automatic monitoring and 
recording to complete real-time computer control of a complex “‘auto- 
mated” operation over a wide geographical area. 


Specifically designed for industrial applications and environment, the 
RCA-110 Industrial Control Computer System provides around-the-clock 
operating reliability, highest arithmetic speed and lowest cost installation. 
One megacycle, solid state circuits are conservatively operated. Optional 
sizes of random access core memories for working storage are combined 
with magnetic drums for bulk storage to provide greatest speed and 
desired memory size at reasonable cost. All options program-compatible 
with each. Easily expansible in field. Automatic priority program interrupt 
increases operating efficiency, permits continuous automatic self checking 
and enhances programming ease. Accepts binary or decimal data. 24 bit 
word length. One or two address. Seven index registers. Seventy-one 
instructions. Addition time, including access—56 microseconds. Strong, 
dust-tight, industrial housings are internally air conditioned. Slide-out 
chassis and built-in maintenance control panel permits fast front-of- 
cabinet maintenance. 


RCA-130 Industrial Data Transmission Link removes the limitation of 
distance in an automatic monitoring or control system. Provides reliable 
on-line, real-time, telemetering, alarming and remote control signal 
transmission of analog or digital information via wire or radio, one-way 
or two-way. 100% parity check of digital information. 100% continuity 
check of communications circuit. Frequency shift tone keying. Frequency 
multiplexing or time sharing of channel as desired. Remote reports may 
be self-initiating or centrally sequenced. Low power requirements. Appli- 
cation engineered from standardized modules to completely fulfill specific 
requirements at minimum expense. Operates with RCA-110, RCA-150, 
or custom display and supervisory operating console. 


High-speed, automatic monitoring and analysis of process and production 
status is provided by the RCA-150 Industrial Data Analysis and 
Recording System—plus computational capability for summarizing, aver- 
aging, totalizing and linearizing. Automatic alarms of process malfunc- 
tions. Accepts up to hundreds of inputs at a rate up to 1,000 points per 
second, with programmed or sequential scanning. Provides outputs for 
display panel, punched paper tape and typewriter, with provision for 
automatic standby. Display log format and speed to purchaser’s specifi- 
cation. Internal, analog-to-digital conversion. All solid state circuitry, pack- 
aged for industrial environment, with optional internal air conditioning. 


For special industrial control problems, Custom Systems can be supplied 
to fit your exact needs. 


RCA industrial Monitoring and Control Systems are available with 
Foxboro instrumentation. 


The Most Trusted Name For detailed information on the capabilities of RCA advanced Industrial 
in Electronics Control Systems, consult your nearest Foxboro representative, or write— 
Industrial Computer Systems Department, Electronic Data Processing 
Division, Radio Corporation of America, 21 Strathmore Road, Natick, 
Massachusetts. 


RADIO CORPORATION OF AMERICA 
® 
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Now there are ways to read angles... 


Photoelectrically with a Gurley Encoder Optically with a Gurley UNIS@E ® 


i a 











Angles may now be read photoelectrically with 
the Gurley Precision Shaft Position Encoder. 
The information can be transmitted anywhere, 
in digital form. 


Write for Bulletin 8600. 





W. & L. E. GURLEY, 537 FULTON STREET, TROY, NEW YORK 
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ALGO 


FOR THE BENDIX G-15 COMPUTER 


Speeds and Simplifies Problem Solving 


ALGO extends the problem-solving horizon of every engineer, focusing the speed and 
precision of the Bendix G-15 computer on any algebraically stated problem. @ A true 
mathematical equation solver, ALGO permits any engineer or scientist to program the 
computer in universal mathematical language. No previous knowledge of computers or 
programming is needed. Input/output, computation and data handling are all automatically 
controlled by the G-15 computer. @ Compiire the number of steps in the ALGO program 
illustrated below with the number required to solve the same problem on a slide rule, desk 
calculator or any other computing system. You will see the time and cost-saving significance 
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad- 
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest 
addition to an extensive library of Bendix automatic programming systems. See how the 
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how 
this powerful team can save you valuable time...and greatly simplify problem solving. 


** AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL. 
E 
i= 
VR’? + (6.2832 FL — 1/6. 2832 FC)’ 


(For values of RF & L as specified. For values of E ranging from 100 to 300 in increments 
of 50. For values of C ranging from .00002 to .000021 in increments of .OOO00( 














COMPLETE ALGO BEGIN © 
PROGRAM: R 10 ® 

F = 60© 
L 02 © 
FOR E 100(50)300 BEGIN © 
FOR C 000002(c0000001).000021 BEGIN © 
] E/SQRT(R fF 2 + (602832 * F #.L — (1/(602832 * F * C))) Tz 
PRINT (FL) E® 
PRINT (FL) = C © 
PRINT (FL) =1 © 


Write on your letterhead jor the self-teaching ALGO manual. 


Bendix Computer Division 


OEPT.W-23 LOS ANGELES 45, CALIF. 





TubeXperience in action 
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SUPERIOR—vast storehouse of ‘‘tubeXperience’’ for producers 
of measuring, indicating, recording and control devices 


With a broad background of experience in producing 
small-diameter metal tubing to extremely close toler- 
ances, Superior offers instrument makers a wide variety 
of materials, metallurgical competence, and manufac- 
turing skills that save trial and error in the design 
stage, besides time and cost in production. 


Supplied in over 120 analyses, Superior Tubing is used 
in virtually every type of measuring, indicating, record- 
ing and control device. Wherever it is used, the chances 
are that some special property required for the appli- 
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cation was met from Superior’s vast storehouse of 
“tube Xperience.” 


Bulletin 380, “Specialty Tubing for Industrial Instru- 
mentation,” gives application data, required character- 
istics, materials usually specified, range of sizes, 
tolerances, and other pertinent information on the 
many types of specialty tubing produced by Superior 
for the instrument maker. Send for your copy today. 
Superior Tube Company, 2026 Germantown Ave., 
Norristown, Pa. 
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Capillary ID size checked under 100x magnification 


—yet this critical inspection is only 1 of 3 used to prove 

ID of Superior capillary tubing. In checking the ID size 

of capillary tubing we don’t rely on only one reading 
from our inspection microscope, we require four. Then 

we double-check in two other ways—with a relatively 
simple plug gage; and a comprehensive flow inspection & 
to ascertain the average ID. 
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750,000 flexures without failure 


—but not an unusual record for bellows formed from 
Superior thin-wall tubing. Thin-wall tubing of bellows 
quality—usually under .010 in. max. wall thickness and held 
to a tolerance spread of only one-thousandth inch—requires 
the skills and facilities of specialists. It must be extremely 
ductile—forming pressures can run as high as 5000 psi; 
brazing can subject it to temperatures up to 1800°F; it must 
be free of carburization, dents and pickups. We maintain 
the necessary production standards, employ unique handling 
procedures, use special controlled-atmosphere furnaces. 


Rx for accurate indication of pressure and temperature 


—Bourdon tubing by Superior. The tubing from which 
Bourdon elements are made must be free of carburiza- 
tion or decarburization, rough or corroded surfaces, 
and variations in wall thickness. It must have good 
corrosion and drift resistance, also low hysteresis. It 
must have the extra qualities that permit fabrication of 
Bourdon elements that are interchangeable in the field 
with maximum ease, and with only linkage adjustment. 


For protection of the equipment and processes it serves 


—tubing for thermocouple sheathing must be clean. Tubing 
with an unusually clean, smooth ID and produced to extremely 
close tolerances is a prime requisite for sheathing ceramic-pack 
thermocouples. Also it must be adaptable to temperature 
extremes (—300 to +2100°F), have high scaling resistance 
and resistance to shock, fatigue and corrosion. To assure 
ID cleanliness, Superior recently established a new specifi- 
cation covering this important requirement. 


<Swoerrar ldde 
Ge big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 244 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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These are no sissies! 


They are AE Hydramite® pumps, the heavy-duty hydraulic 
pumps that start delivering where other “heavy-duty” pumps leave 
off. Check into them for the tough jobs where you want sheer 
stamina...the jobs where extra reliability and sustained performance 
are an urgent requirement. 


To meet your specific requirements, Hydramite pumps can be 
supplied for constant displacement from 3 to 25 gpm at 5,000 psi 
and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities of 
150 to 300 ssu at 100°F. In special applications they have handled 
viscosities as low as 40 and as high as 900 ssu at 100°F. Special 
materials and seals permit handling of missile fuels and special fluids 
at higher temperatures. Available in flange, foot or face mounted styles. 


Write or call American Engineering Company, Dept. P-153, 
Philadelphia 37, Pa. Phone: CUmberland 9-3800. 


See our four-page catalog in Sweet’s Product Design File, or write us 
for reprint (Catalog P-60). 


AMERICAN ENGINEERING COMPANY 


Division of United Industrial Corporation 
Hele-Shaw® Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers. 
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Tapered roller bearings. High-capacity, 
heavy-duty tapered roller bearings support 
the eccentric cam shaft. This means that a 
Hydramite can take more punishment... 
handle heavier unbalanced loads . . . and 
last longer. 


Curved Slipper distributes thrust load of the 
plungers and reduces unit stress to the 
point where maintenance is never required 
at what is a critical wear spot in most 
hydraulic pumps. 
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LAMBDA Transistorized Power Supplies 


LA Series 


S and 10 AMP « 0-34 VDC 


3%” Panel Height on 5 AMP Models 


CONDENSED DATA ON LA SERIES 
LA 50-03AM (with meters) 0-34 VDC,0-5A $425. 
LA 100-03AM (with meters) 0-34VDC,0-10A 540. 
LA 50-03A (without meters) 0-34 VDC, 0-5A 395. 
LA 100-03A (without meters) 0-34 VDC,0-10A 510. 


MODEL VOLTAGE STEPS 
LA 50-03A, LA 50-03AM-2, 4, 8, 16 and 0-4 volt vernier 


LA100-03A, LA100-03AM-2, 4, 8, 16 and 0-4 volt vernier 

Regulation: Line Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations from 100- 
130 VAC. Load Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations from 0 to 
full load. 

AC Input: 100-130 VAC, 60 + 0.3 cycle. This frequency 
band amply covers standard commercial power lines in 
the United States and Canada. 

Ripple and Noise: Less than 1 millivolt rms. 

Ambient Temperature: 50°C—continuous duty. 

Remote DC Vernier: Provision for remote operation of 
DC Vernier. 

Remote Sensing: Provision is made for remote sensing to 
minimize effect of power output leads on DC regulation, 
output impedance and transient response. 

Size: 

LA 50-03A 34%4”Hx19 Wx 14%”D 
LA 100-03A 7” Hx19"Wx14%”"D 


| 4 Mis) is 


1 and 2 AMP « 0-32 YDC 


Compact 3%” Panel Height 


CONDENSED DATA ON LT SERIES 
LT 1095M (with meters) 0-32 VDC, 0-1 AMP $315. 
LT 2095M (with meters) 0-32 VDC, 0-2 AMP 395. 
LT 1095 (without meters) 0-32 VDC,0-1 AMP 285. 
LT 2095 (without meters) 0-32 VDC,0-2 AMP 365. 
MODEL VOLTAGE BANDS 
LT 1095, LT-1095M 0-8, 8-16, 16-24, 24-32 
LT 2095, LT-2095M 0-8, 8-16, 16-24, 24-32 
Regulation: Line Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations from 105- 
125 VAC. Load Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations from 0 to 
full load. 
AC Input: 105-125 VAC, 50-400 CPS. 
Ripple and Noise: Less than | millivolt rms. 
Ambient Temperature: 50°C —continuous duty. 


Remote DC Vernier: Provision for remote operation of 
DC Vernier. 

Remote Sensing: Provision is made for remote sensing to 
minimize effect of power output leads on DC regulation, 
output impedance and transient response. 

Size: 

LT 1095 34%” Hx 19 Wx 14%” D 
LT 2095 3%” Hx 19” W x 14%” D 


SEND TODAY FOR COMPLETE DATA. 


LAM BDA ELECTRONICS CORP. 


11-11 131 STREET « DEPT. 4 « COLLEGE POINT 56,N. Y¥. e INDEPENDENCE 1-8500 
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When crews of SAC’s Ist Missile Division successfully launched the USAF ICBM Atlas from Vandenberg Air Force Base, September 
9, 1959, the world became aware that the United States had brought into being a formidable retaliatory power for peace. Within four 
months after the first operational launch, the Air Force doubly underlined this missile’s capability. On a single day, January 26, 
1960, the 16th and 17th consecutive successful Atlases were fired intercontinental ranges to predetermined targets from both At- 
lantic and Pacific bases. 

After only five years of intensive development, including concurrent research, testing and fabrication under this nation’s top mil- 
itary priority, Atlas is extremely versatile as well as powerful. It was the Project Score satellite vehicle and is scheduled for use in 
Project Mercury, the Man in Space Program, and in other space exploration missions. Thus, used as a booster for space projects, 
Atlas provides the nation with a key capability in scientific as well as military applications. 

Space Technology Laboratories provides the systems engineering and technical direction for the Atlas as well as other portions 
of the Air Force Ballistic Missile Program. Much of what was learned in building Atlas has helped cut the lead-time in the develop- 
ment of such other Air Force Ballistic Missiles as Thor, Titah and Minuteman. 

Among the industrial organizations which have worked in concert in developing Atlas are such major contractors as: Convair, 
Division of General Dynamics Corp. for airframe, assembly and test; General Electric Co. and Burroughs Corp. for radio guidance; 
Arma, Division of American Bosch and Arma Corp. for inertial guidance; Rocketdyne Division of North American Aviation, Inc., for 
propulsion; General Electric Co. for re-entry vehicle; Acoustica Associates for propellant utilization. 


America’s first 
intercontinental ballistic 
missile...is helping to 
bear the burden of today’s 
power for peace 


The continuing development of Atlas as well as other USAF missiles and related space probes, has created impor- 
tant positions on STL's technical staff for scientists and engineers with outstanding capabilities in: thermody- 
namics, aerodynamics, electronics, propulsion systems, structures, physics, computer technology, telemetry, and 
instrumentation. If you believe you can contribute in these or related fields and disciplines, you are invited to send 
your resume to: 


SPACE TECHNOLOGY LABORATORIES, INC. > / 


P. O. Box 95004, Los Angeles 45, California, Attention: Richard A. Holliday Los Angeles * San Diego 
Santa Maria * Sacramento + Denver » Cheyenne * Cape Canaveral « Washington, D.C. + Manchester, England + Singapore + Hawaii 
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NEW HOME FOR SWARTWOUT AUTRONIC ® 
CONTROLS. INDUSTRY’S FIRST AND “OLDEST” 
FULLY ELECTRONIC CONTROL SYSTEMS 
=== NOW COME TO YOU FROM THE NEWEST IN- 
STRUMENT PLANT IN THE COUNTRY. Expanded facilities. 
Improved manufacturing techniques. Computer-automated produc- 
tion and inventory control. These and other recently instituted effi- 
ciencies have pushed Autronic production to record levels in record 
time. Our field engineering staff has been enlarged, too. Service is 
better all the way around. Now, more than ever before, Swartwout 
is the leader in electronic process instrumentation. 


SWARTWOUT DIVWVISION, CRANE CO. 


Hooksett industrial Park, Manchester, New Hampshire 


SWARTWwouvutT 
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General Electric’s resources of knowledge and system ex- Ea Machine Tool Exposition— 
perience are available to help all industries realize their great- Areata * : io 138, ond 
est automation potential. With the most complete line of 114 Chicago’s Navy Pier 
equipment designed for automation, General Electric can help ee 
you with a step-by-step implementation program leading to ISA Show Booths 1116-1126 
an integrated system, designed to yield maximum profits. For | New York Coliseum Sept. 
more specific information, visit with General Electric at one 
of the following shows or contact your nearest G-E Apparatus lron and Steel Show Booth 

215 Cleveland Auditorium 
Sales Office. General Electric Company, Schenectady 5, New York. Sept. 27-30 
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Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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SMASH THE “DESIGN BARRIER” 
AND STILL LOWER YOUR 
FINISHED PRODUCT COST! 


Since the basic relay and its many contact 
forms, ratings, and terminal variations are regular 

production items at RBM, design bottlenecks 
can be shattered. RBM has ““CUSTOMERIZED” these relays 

to fulfill almost every conceivable requirement. 

This vast background of application engineering can 
serve you with design shortcuts . . . lower your “finished 

product”’ cost. Ask your RBM product application engineer. 


CHECK THE FEA rite $ OF THis 
REM AC OR OC GENERAL PURPOSE RELAY 


Ac. 
MANY ARE OTHER FEATURES 98700 TYPE 


L/STED BY Ui \ 
FILE NOS. € 12/39 ORE2238/ <= @ MAX. COIL VOLTAGE 230AC 





PRESS FIT PILE-UP @ MAX.COIL RES. 


ELIMINATES DRIFT, /N OHMS 
eer eee SS e MAX.CO/L WATTS 9.0VA. INRUSH 


STABILITY nm 
OR VOLT AMPS. 6.5 VA.SEALED 


DEPENDABLE CROSS-BAR @ MAX. CONTACT FORM Z2POT ISAMPS| 2POT /EAMPS, 


CONTACTS AVAILABLE 
FoR LOW VOLTAGE ANO/oR WITH RATED seo eel 4POT 6AMPS,| 4POT AMPS, 
_ Low CURRENT CIRCUITS AT 32V. DC OR HIE VAC | 6 oo 3 pupal gppr zAmee. 


(NON-INDUCTIVE LOAD ) 
SIMPLIFIED MAGNET 
FRAME AND ARMATURE Php} ® 4PPROX. WEIGHT Gi OZ, 4,/ 02, 
ASSEMBLY PROVIDES | 


EFFICIENT, POSITIVE ‘ 
ACTION ALSO AVAILABLE tN 97000 SERIES 


PROVIDING ADDITIONAL COML 
VARIETY OF POWER... GREATER SENSITIVITY 


MOUNTINGS AVAILABLE 


ai ee ETC | Cee 


Consult. Your Local RBM Product Applic 1 Engineer or Wri r Bulle 1060 


mam “ON RBM Controls Division 


3-3-1 > Ge’ 41 4 Ole) 210) 7 - mele), me eler-4, tile) - mami toly-¥.P-\ 
ak Con Col tl tM Molot-ba-to E-bay lol at dal. U- lalodal-t-t4-1at-lal> Ml Mlelel-Tal-t lol a am fale l tT, 2 
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Here’s why the NEW AO 
TRACE-MASTER is the 
world’s finest 8-channel 


direct writing recorder! 


American Optical Company, famous for precision instrumentation for 
138 years, introduces an electronic direct-writing recorder of unique 
design, in which ultra-precise electromechanics has been combined 
with advanced electronics to achieve truly superior performance. 


Finest Writing Method Ever 


Unique direct-carbon-transfer writing 
method. Trace is uniformly black and up 
to four times thinner than that made by 
any other recorder. Minute variations in 
phenomena measured are more faithful, 
meaningful. Carbon trace cannot fade... 
may be easily reproduced. 


Finest Frequency-Amplitude Performance 


TRACE-MASTER’S multiple-feedback 
wide-range Driver circuitry, combined 
with the advanced pen-motor design, pro- 
duces wider frequency response at /arger 
amplitudes than any other recorder. 
TRACE-MASTER response is flat—with- 
in 1% — from dc to 110 cps at 40 mm! 


Band Amplitude Product (i.e. Bandwidth 
times Amplitude) is 5600...140 cps (3 db 
point) x 40mm! * 


Finest Chart-Drive Facilities 


TRACE-MASTER provides widest chart- 
speed range...0.1 to 500 mm/sec...of 
any direct-writing recorder! Convenient 


Entire channel easily accessible and completely 


interchangeable as single unit. 


push-button selection. Take-up reel auto- 
matically stores full 1000 ft. record. Writ- 
ing table tilts for easy chart annotations. 
Guide rails permit quick, easy paper-roll 
changes. Low cost chart paper makes prac- 
tical protracted recording at high speeds. 


Finest Resolution, Linearity, Stability 


Thin carbon trace (thinner by 4 to 1 over 
most recorders) and high Band Amplitude 
Product (higher by 6 to 1 over other re- 
corders) provide up to 24 times the re- 
solving power or ability to detect short, 
sharp variations in the record. The su- 
perior linearity (+ 1%) and stability in 
rectilinear presentation permit full use of 
this unexcelled resolution. 


Finest Systems Oriented Compatability 


Fully transistorized circuitry...application 
of combined dc level and signal multiple 
feedback...complete interchangeability of 
modular signal-conditioning elements... 
are some of the features that make the 
AO TRACE-MASTER the world’s finest 
8-channel direct writing recorder. 


Platen tilts to convenient writing angle. 
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See it... Try it... 
at the Shows 


WESCON! ISA! 
NEC! NEREM! 


t . push-button 
selection through 0.1 mm/sec to 500 mm/sec. 


WRITE, WIRE, TELEPHONE TODAY FOR COMPLETE INFORMATION! 


Complete Engineering Bulletins available. Field Sales Engineers at your service everywhere. 


American ®& Optical 
COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


1960 


Dept. J284 


Name. 


Please send Engineering Bulletins on the complete AO TRACE- 
MASTER line of recording modules and systems. 








City. 





a 
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New Random Access Memory Package... 


uses only 18.75’ 
IN STANDARD 19" RACK 





eet sa aia 


“"""" KNOTHER’G-C SPACE-SAVER! 
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GENERAL CERAMICS, continuing its 
leadership in the memory packaging 
field, has made available double and 
triple bay random access memories with 


tion of up to 80% over typical units re- 
quiring a full six feet. 

General Ceramics offers space-saving 
random access memory designs with 


up to 4096 characters x 32 bits per char- 
acter at cycle times up to6 micro-seconds. 
Now you can get design economy since 
the basic G-C package requires only 
18.75” of standard rack space—a reduc- 


varying number of characters, word 
lengths and logic. 

Optional design features include parity 
checking, test cycles, indicator lights and 
power supply locations. 





Write on your company letterhead for additional information. 
Please mention your requirements; address inquiries to Section CE. 


K-. 


GENERAL 


CORPORATION 





APPLIED LOGIC DEPARTMENT 


GENERAL CERAMICS 


KEASBEY, NEW JERSEY, U.S.A. 


TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS 
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4 “THIS RELAY 
WILL GIVE US 
, 300 MILLION 
4 — OPERATIONS, JOE” 
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HERE’S WHY P2zB TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over liong life 


: : Das : Heavy Duty Frame 
Armature Pin Bearing shows gp. ae maintains dimensional 
only .0005” increase in clearance : , es Stability, adds to 
after 300 million operations. ‘ Q ~ relay's sensitivity. 


Husky Armature Arm 
prevents sagging 


or bending. BS SERIES TELEPHONE TYPE 


Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 
viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near- 
est P&B sales engineer will be happy to discuss your 
relay problems. Call him today. 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, 


GENERAL: 


Breakdown Voltage: 1000 volts rms 60 cy. min. 


_ between ail elements 
: —55° to + 


rates C available on special order 


Coil: One 416 AWG = 
Contacts: Two #18 AWG wires 
Dust covered or sealed 


Enclosures: 
CONTACTS: 


: DC—up to 28 springs 


AC—up to 24 sprin; 


Material: 4," dia. twin palladium. 
Up to 4" dia. single silver. 
Other materials on special order. 


Ld 


GS SERIES—Excellent sensi- 
tivity : 50 mw per movable arm 
minimum (DC). For applica- 
tions requiring many switch- 
ing elements in small space. 





BS SERIES ENGINEERING DATA _ 


Load: 4 amps at 115 volts, 60 cycle resistive 


Pressure: 15 grams minimum 


+85° C. COILS: 


Kesistance: 100,000 ohms maximum 
Current: 10 amps maximum 

Power: DC—S0 Milliwatts per movable arm. 

Greater sensitivity on special order. 

AC—17.9 volt-amps. 


Duty: Continuous 


Treatment: Centrifugal impregnation 


Voltages: DC—up to 300 volts with series 


= 


LS SERIES—Medium coil relay 
with short springs and light 
weight armature for fast 
action, reliability and long life. 


resistor. AC—wup to 250 volts, 60 cy. 
MOUNTING: Two #8-32 tapped holes 34° o.c. 
Other mountings on special order. 


TS SERIES—Short coil relay is 
available in AC and DC versions. 
Long life construction. Can be 
supplied (DC) with up to 20 
springs (10 per stack). 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 


PRINCETON, INDIANA 
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INTEGRAL-INTERLACE 

(2000) SERIES: 

Two inline head stacks (with 
interlaced channels) mounted 
on integral ‘‘H” block record 
more channels per inch of 
tape width, while maintaining 
high output per channel and 
strong shielding against 
channel crosstalk. Patented 
“gap-mounted” feature ensures 
accurate location of each 
stack. IRIG telemetering 
standard available (exclusive 
design maintains IRIG time 
relationship despite normal 
head wear). Identical 
(non-interlaced) stacks can 
used in redundant 

analog applications. 


INLINE (4000) SERIES: Records 
or reproduces simultaneously 
on many channels of a single 
tape or drum. Precise 
perpendicularity and 
colinearity of gaps and 
accurate track width and loca- 
tion with reference to other 
tracks and base assures reli- 
able data transfer to and 
from media. Base and full 
metal-face machined for 
correct azimuth and contact 
angle (standard and special 
base mountings available). 


GAP-MOUNTED® (5000) SERIES: 
Unique head stack mounting 
permits quick interchange- 
ability without critical 
adjustment of head azimuth, 
contact angle or gap perpen- 
dicularity. Adjoining faces of 
head and mounting structure 
are lapped with reference to 
the gap line. Mounting 
structure is adjusted per- 
manently and four set screws 
hold head in precise location. 


REDUNDANT (6000) SERIES: 
Two identical head stacks are 
mounted opposite each other 

in a single structure, with 
closely spaced gap lines (down 
to .150 inch). Digital data 
recorded by first stack is 

read for reliability check by 
the second stack. Close 
spacing between gaps reduces 
storage capacity required 

in checking register. 


INLINE (4000) SERIES 


REDUNDANT 


GAP-MOUNTED 
(S000) SERIES 


(6006) SERIES 
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(2000) SERIES 
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SIMPLIFY RELIABLE RECORDING SYSTEM DESI/GN WITH... 


CLEVITE 


“optional characteristic’ magnetic heads 


An analysis of present usage and future 
trends in magnetic recording heads, trans- 
ports, media, and associated electronics 
indicates areas for partial standardization of 
these interdependent components. Within the 
framework of these partial standards, Clevite 
offers ‘“‘optional characteristic’? magnetic 
heads to simplify the design of reliable an- 
alog and digital recording systems. 

These new designs provide a choice of 
electrical characteristics. Four basic me- 
chanical configurations are available in six 
compatible tape formats with track widths 
from .020 inch to .050 inch, and spacings of 


.050 inch to .140 inch. These provide from - 


7 to 20 inline channels per inch. 


Detailed mechanical drawings and specifi- 
cations plus actual electrical performance 
data are available before the fact. This allows 
the design engineer to predict reliably the 
overall recording system performance. 

Clevite continually produces beneficial de- 
sign improvements in such areas as high 
resolution and flux-responsive readout, and 
high-efficiency record structures. As these 
developments are field-proved they are 
adopted in Clevite “‘optional characteristic’”’ 
designs. These dynamic standards thus offer 
recording system designers magnetic heads 
that include up-to-date advances in record- 
ing technology. 

Write today for Bulletin 9398 on Clevite 
“Optional Characteristic Magnetic Heads”’. 


CLEVITE ELECTRONIC COMPONENTS 


DIVISION OF 





3405 Perkins Avenue 





CLEVITE 


CORPORATION 





Cleveland 14, Ohio 





Field Sales Engineering Offices: 


60 Franklin Street 
E. Orange, New Jersey 


1915 N. Harlem Avenue 
Chicago, Illinois 


3402 W. Century Bivd. 
Inglewood 2, California 





ELECTRICAL CHARACTERISTICS 





Description 


Inductance 
(maximum) 


ie 





Low impedance record head. Used with transistor driver. 1.30 MH 


: 





10 MH 


ANALOG 
5 


High impedance record head. Used with vacuum tube 
Griver. 





S 


High impedance playback head or combination record/ 80 MH 
playback head. 





Low impedance combination record /playback head for use 
ACL up to 100 ke at 60 ips with 400 ke bias, or to 200 ke at 120 15 MH 
ips with 1 mc bias on half winding. 


DRL Low impedance record head. Used with transistor driver. 4.5 MH 
12 volts single ended, or 6 volts double ended. 


High impedance record head. Used with vacuum tube 55 MH 
driver. Used as playback with DRL head. 


DRP Redundant record playback head. 18 MH 





. 





DRH 





DIGITAL 




















bg) | 8 





*Depending on bias frequency and channel spacing. 
“Dialoter’ below saturation for minimum distortion. 
‘or 130% saturation at 200 flux changes per inch, 60 ips. 
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TO THE ENGINEER 


who thinks “birds’ nests are for the birds... 


Upset over the fancy wiring your control pack- 
age demands? Relax! AE can turn a bird’s 
nest into a thing of beauty and high reliability. 
The reason is simple: we’ve had years of expe- 
rience wiring complex dial telephone switch- 
boards, to say nothing of little black boxes. 
And we have the techniques down so tidy and 
pat that our assembly and prewiring costs are 
more than likely lower than yours. 


As a beautiful example, take a look at the com- 


pact relay complex illustrated. This custom job is 
designed to do switching tricks over and over 


again without failure. A significant part of its de- 
pendability is structural rigidity. 

AE engineers are also gifted in solving the 
most complex switching circuits in the sim- 
plest and most inexpensive way. Chances are 
they can save you some headaches. 

If you have a control problem, we’d like to 
hear about it. Just write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. And while you’re at it, ask for 
Catalog 4083-A covering AE Enclosures for 
Relays, Switches and Control Systems. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Everyone concerned with temperature control will 
want to read this new Fenwal Bulletin, “Smarter 
Looking — Smarter Acting Electronic Temperature 
Controllers and Indicators.” 

These modern transistorized instruments with ther- 
mistor sensors can be more precisely matched to re- 
quirements over a range from — 50 to +600°F. Their 
many interchangeable, optional features let you order 
exactly what you need. And you can combine instru- 
ments ... “build” to your specifications. 

Here are just a few possibilities: single-point control 
..- single-point control and indication . . . indication of 

- up to ten controlled temperatures . .. ON-OFF or pro- 
6é Wait! portioning . . . indicating or non-indicating . . . set- 
« point adjustment at instrument or remote...expanded 
‘ 3 scales for fine temperature adjustment .. . and many 
I need 1t too !? more. Ratings up to 10 amp/110 VAC. Each instru- 
° ment is professionally styled to perfectly complement 
modern industrial machines or interiors. And, best of 
all, Fenwal design keeps costs reasonable. 


Get your copy of “Smarter Looking — Smarter Act- 
ing.” Then get the benefits of this versatile new instru- 
ment family. Write FENWAL INCORPORATED, 299 
Pleasant Street, Ashland, Mass. 





Another 
example of how CONTROLS TEMPERATURE. . PRECISELY 
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ELECTRO INSTRUMENTS 
can meet your systems needs NOW... 


with HARDWARE, 
NOT PROMISES! 


Systems shown here are typical of more than 200 designed and 
built by EI and now in use. They range in complexity from data 
logging systems for automatic scanning, measurement and record- 
ing of data from multiple transducers...to high speed, automatic 
checkout systems for missile and aircraft...to systems for auto- 
mating industrial processes. 

Because of the EI modular design approach, many of these 
systems can be delivered on virtually an off-the-shelf basis, elim- 
inating the long delivery times usually associated with system 
development. This approach also results in a low cost system 
because the modules are manufactured in large quantities. Cost 
is almost a linear function of performance capabilities desired. 

Why not talk over your digital system requirements with your 
EI Sales Engineer? His system experience will be a valuable help 
in solving your problem. 


Multi-purpose digital system for measuring a 
variety of transistor parameters while the transistors 
are being subjected to environmental testing. 


Digital read-out sub-system of a large, 
automatic, transistor production 
checkout system. 


you get MORE 
with EI systems! 


MORE VERSATILITY—AC and DC volt- 
ages, AC and DC voltage ratios, ohmic 
resistances, capacitance, frequency, phase, 
inductance, time, or combinations of these 
basic input quantities can be accepted by 
the EI system. 


MORE RELIABILITY— Maximum use is 
made of solid-state and MIL-type compo- 
nents which are designed into conserva- 
tively-rated, field-proven circuits. All 
vendor-supplied parts are exhaustively 

atite tested and evaluated. 
nee ee MORE FLEXIBILITY—Expansion of the 
program. Measures AC and DC single- Saegeee” EI system can be made by simply adding 


ended voltages and ratios, and AC appropriate new modules, This approach 
and DC differential voltages and 


transients. Chosen for its excellent lat eliminates new engineering development 
operating characteristics under 3 costs each time needs change; minimizes 
adverse environments. ee system obsolescence. 


ke 3540 AERO COURT 
Ectroe INStCFUMENIS, EG. F 210 v1c00 11, cave. 


DIGITAL INSTRUMENTS FOR MEASURING AC/DC VOLTAGES, AC/DC RATIOS, RESISTANCE, CAPACITANCE, AND FREQUENCY  X-Y RECORDERS & ACCESSORIES * DC AMPLIFIERS 
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aie New ~CD-D- 
q Complete 
Line of 

. Rotary 


——_| Switches 
ja | FOR CRITICAL 
RELIABILITY APPLICATIONS... 


Sets a New Standard for Serviceability & Flexibility 


@ Many models presently supplied for military requirements 
31.2%" Rotary Selector Switch, Series RS30. ' ; ¥ Switeh, 0, where exceptional reliability is paramount. 
Maneelty (illustrated), solenoid or motor Mot f noid @ Quick changing of programs, configurations, circuits. 


crea? @ Maintenance problems completely eliminated by unique 
5-second wafer replacement models. 


@ For lengthy, trouble-free operation, specify CDI switches. 
Write for technical details today. 
4. THIN DIGITAL & BINARY MODU- 


CHICAGO DYNAMIC INDUSTRIES, Inc. 


CD) PRECISION PRODUCTS DIVISION 
1725 Diversey Bivd., Chicago 14, lilinois 
Phone: WE llington 5-4600 


Py? 























NEW 400-Position Rotary Switch with Mainte- 
hance-Saving Removable Wafers, Series RSG. 
Types RSG-40 (4”x4”) and RSG-30 (3’x3”) 
have 20 standard wafers, 1 Geneva con- 
' tro! unit and 1 control wafer for handilin, 

‘ es up to 400 positions. Type RSG-21 (2” x 2 

Removabie water Series TSD-R. For con- ; : § utilizes 10 standard wafers, 1 control 
tinuous operation applications where in- - ie ; unit and 1 control wafer for handling up 
terruptions must be held to an absolute i OS to 100 positions. Available with an 

minimum. - toa: ee - , Bs, standard multi-position indicating dial. 

















Unique Multi-Deck Rotary Thumbwheel Switch, 
Series TM. Available with 2, 3 or 4 XXXP 
or epoxy p.c. %” wafers in any com- 
bination of 8 or 10 position binary and 8, 
10, 12 or 16 position digital switches, all 
manuaily operated by a single 4” thumb- 
wheel. instant, accurate readability. In- 
tegrai lignting available, 
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Announcing a new series of 
size 8 servo components designed for 
today’s high performance systems 
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EAD’s new line of Size 8 servo SERVO MOTORS 


components are designed to meet 
the extreme environmental condi- 
tions and the reliability required 
by today’s advanced control sys- 
tems. From a family of six basic 
units, the design engineer has the 
selection of servo motors, inertially 
damped servo motors or servo 
motors with tachometer generators 
for “hi-T”’ or “lo-J” system needs. 


As with all EAD components, these 
motors can be modified, if neces- 
sary, and can be supplied with 
a wide variety of integral gear 
reductions. 


TYPICAL CHARACTERISTICS 


e 26 volts per phase, 400 cycles 
e Stall power per phase (watts): 


hi-T 3.0 
lo-J 2.8 


e Max. power output (watts): 
hi-T .40 
lo-J .28 
e Size 8 diameter: .750” 
® Meets MIL-E-5272, MIL-E-5400. 
e Ambient temperature: —55°C to 
+125°C. 


Construction features: precision 
ball bearings, housing and hard- 
ened shaft all of stainless steel. 





hiT 


Embraces high torque/ 
watt ratio and adequate 
acceleration characteris- 
tics. Stall Torque, .35 
oz-in.; Rotor inertia, .66 
gm.-cm2; Acceleration, 
37,000 rad./sec.2;.No load 
speed, 6500 rpm; Damp- 
ing coefficient, 36 dyne- 
cm-sec/rad.; 3.0 watts/ 
phase @ stall. 


hil 


Stall Torque, .35 oz-in.; 
Rotor inertia, .72 gm.- 
cm2; Acceleration, 34,400 
rad./sec.2; No load speed, 
6200 rpm; Damping 
coefficient, 38 dyne-cm- 
sec/rad.; 3.0 watts/phase 
@ stall; Gen. output, 
.250 v/1000 rpm; Phase 
shift, +10°; Null voltage, 
10 mv.; Gen. input, 1.7 
watts. 


Stall torque, .35 oz-in.; 
Rotor inertia, 1.0 gm.- 
cm.2; Acceleration, 24,- 
700 rad./sec.2; No load 
speed, 6000 rpm; Damp- 
ing coefficient, 39 dyne- 
cm-sec/rad.; 3.0 watts/ 
phase @ stall; Flywheel 
damping, 60 dyne-cm- 
sec/rad.; Corner freq., 
.98, 2.8 and 18.5 cps. 











lo-J 


For tow time constant 
and fast response to 
input signals in systems 
requiring max. torque/ 
inertia. Rotor inertia, .17 
gm.-cm2; Acceleration, 
104,000 rad./sec.2; No 
load speed, 6500 rpm; 
Damping coefficient, 26 
dyne-cm-sec/rad. Stall 
torque, .25 oz-in. 


lo-J 


Rotor inertia, .23 gm.- 
cm2; Acceleration, 77,- 
000 rad./sec.2; No load 
speed, 6200 rpm; Damp- 
ing coefficient, 27 dyne- 
cm-sec/rad.; Gen. output, 
.250 v/1000 rpm; Phase 
shift, +10°; Null voltage, 
10 mv.; Gen. input, 1.7 
watts. Stall torque, .25 
oz-in. 


lo-J 


Rotor inertia, 54 gm- 
cm2; Acceleration, 32,- 
700 rad./sec.2; No load 
speed, 6000 rpm; Damp- 
ing coefficient, 28 dyne- 
cm-sec/rad.; Flywheel 
damping, 60 dyne-cm- 
sec/rad.; Corner freq., 
-77, 2.8 and 16.4 cps. 
Stall torque, .25 oz-in. 





SEND FOR COMPLETE 


TECHNICAL DATA 





EASTERN AIR DEVICES, inc. 


SUBSIDIARY OF NORBUTE CORPORATION 
375 CENTRAL AVENUE, DOVER. NEW HAMPSHIRE 
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Brush Operations Monitors’ response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defined from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. “‘Built-in” transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 
Monitors for industrial and military analysis 

and control. Write for complete specifica- L h 

tions and application data. rus INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS LEVITE | CLEVELAND 14, OHIO 
corrorart: on 




















compact 

transistor switching — 
for 

millisecond 

onitoring 
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The new Brush Trans-Switcher eliminates relays—greatly simplifies your problems of operations monitor- 
ing. Designed to take full advantage of the fast response and high resolution of Brush Operations Monitors, 
this compact, solid-state switching unit accepts up to 100 different ‘‘on-off’’ signals in a broad range of 
pulse shapes and amplitudes. Interchangeable, plug-in decade boards are designed to accept different 
voltage ranges and modes of operation. Avoid the “black box’? approach—specify the standard Brush 
Trans-Switcher for the ultimate in precise, reli- [ 

able monitoring. Write for complete details. r ush INSTRUMENTS 


37TH AND PERKINS CLEVELAND 14, OHIO 
conroration 
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A COMPLETE RELAY LINE FOR 


Simplified, Economical Industrial Controt 


This dependable Dunco relay “family” paves the 
way to practically any needed industrial control 
sequence, “memory” or operational circuitry 
feature. : 

Smaller, moderately priced and requiring less 
operating power, Dunco 219 Frame relays have 
revolutionized many control panels previously 
“over relayed” with larger, more costly con- 
tactor type units than needed. 

Now, in matching types, Dunco offers 255 


mechanical latch, electrical reset and Frame 211 
sequence relays. 

All feature 12-pin plugs with heavy-duty 
industrial sockets. Contacts are conservatively 
rated at 10 amperes. Standard 150 volt electrical 
spacings are used throughout. All three types are 
designed for maximum control panel simplifica- 
tion and in minimum size for dependable service 
over millions of operations. 

Write for Data Bulletins on any tgpe to 
Struthers-Dunn, Inc., Pitman, N. J. 


STRUTHERS: DUNN 


WORLD'S LARGEST ASSORTMENT OF RELAY TYPES 
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world’s largest industrial annunciator line 
AS VERSATILE AS YOUR REQUIREMENT 


Lessens downtime by giving instant visual AND audible alarms when an “‘off-normal” occurs 
in your process. Time-saving—pinpoints trouble, permits faster 
correction and resumption of full production. 


@ Easily expandable universal system—rugged functional construction. 

@ Variety of sequences—interchangeable plug-in modules. 

@ Lowest installation cost—trouble-free operation. 

@ Over 1,000,000 service-proven hermetically-sealed Panalarm plug-in relays in use. 


Universal All-Purpose Annunciator System 
—can continuously monitor ali points in your 
process. Wide choice of visual and audible 
sequences (optional flashing, rin: k, 
multi-color visual, momentary lock-in, lamp 
reset, etc.) permits differentiation between 
new and previously acknowledged alarms. 


Digital Sequential Annunciator. Sequentially 
identifies your required off-norma! points 
instantly. Handles any number of total alarm 
points. Clear binary readout. Millisecond 
resolution between points. 


Miniature Solid State Annunciator—eco- 
nomical, lo-drain, intrinsically safe, no mov- 
ing parts. Engineered for mounting in most 
standard miniature instrument cases. Com- 
patible with high speed compact computer 
applications. 


All annunciators available in a considerable variety of standard sizes, cabinets 
and sequences to economically fit your exact requirement, Write today for 
descriptive catalog which also details Panalarm's unique quality features. 


Panalarm manufactures the most complete line of annunciators for infor- 
mation and control. For an optimum competitively priced Annunciator 
System for your plant, consult Panellit engineers. Sales and engineering 


offices in all principal cities. 
Annuncilators °¢ 
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Recording Annunciator has 
ous with exclusive digital 
wasting ing, no 
unalterable statistical r 

tor error, permits closer 
locations. 


CONTROL 





flashing visua! and audible alarm simultane- 
iha-numerical recording of operations. No time- 
blank tape accumulation. Automatic, permanent, 
saves operator's time, reduces chance of opera- 
ision. Equally effective in manned or unmanned 


PANELLIT. DIVISION OF ISI INCORPORATED 


7401 NORTH HAMLIN AVENUE, SKOKIE, ILLINOIS e PHONE ORCHARD 5-2500 


Contract Maintenance and Installation 


ENGINEERING 








Inland 


ration Servos 








second Gene 


Now in Pr 


d-c torque motors 


Compact pancake d-c torquers in a 
wide range of sizes are now available 
for direct drive servo positioning in 
airborne, shipboard and ground 
service stabilization and tracking 
systems. 


Miniature, four-gimbaled, M lis-Honey inertial navi- 
gation platform currently applied to both terrestrial and space 
guidance systems. Ali four gimbals are equipped with Inland 
torquers having a peak output at stall of 60 ounce-inches. 





Exclusive Commutator and Brush Rigging Design 


Patented Inland features make possible powerful d-c 
torquers in compact pancake shape. More torque, with 
smaller size and lower power input. 


REPRESENTATIVE RANGE OF INLAND D-C TORQUE MOTORS 
POWER INPUT 


PEAK TORQUE FOR PEAK P oe INCHES 


TYPE AT STALL TORQUE THICKNESS 


WATTS @ 25°C 


T-1321 20 0z.-in. 57 1,94 50 
T-2136 35 oz.-in. 42 2.81 63 
T-2108 60 0z.-in. 32 2.81 1,00 
T-2907 85 ib.-ft. 79 3.73 1.09 
T-4006 1.8 Ib.-ft. 100 5.13 1.25 
T-5105 2.7 Ib.-ft. 86 6.25 1.31 
T-5703 7.0 Ib.-ft. 246 7.20 1.63 
T-720 11.0 Ib.-ft. 327 9.00 1.63 
T-8001 25 Ib.-ft. 925 10.50 2.63 
T-10001 35 Ib.-ft. 620 13.69 4.30 
T-10004 100 Ib.-ft. 12.75 5.75 
T-18002 300 Ib.-ft. 1300 26.63 5.82 
T-18004 900 Ib.-ft. 4330 26.50 10.56 
T-36001 3000 Ib.-ft. 7400 45.0 10.25 


For complete data on these or other Inland d-c pancake torquers, address 
Dert. WE, Inland Motor Corporation of Virginia, Northampton, Massachusetts. 


Parabolic radar antenna on a three-axis pedestal mount ’ . 4 
manufactured by Reeves Instrument Corporation for the INLAND AmPLiFiers—Inland makes a complete line of amplifiers for systems duty with 


Phileo Corporation. Direct drive motors for all three axes were Inland torquers, whether in airborne, shipboard, or ground service. Specification sheets 
provided by Inland. These range in output from 500 to 3000 Ib-ft. available on request. 


Factory: Radford, Virginia 


INLAND MOTOR ¢oF'vircinis 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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Is punched tape really 
the best input medium 
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(3 out of 4 machine tool makers say yes!) 


~™ Although 8-channel punched paper 

{tape is only one of several numerical 

control input media, it is fast be- 

coming the standard. Better than 

three-quarters of all builders of 
numerically-controlled machine 

tools now offer punched paper tape 

control. Why the swing to punched 

paper tape? There are three fundamental reasons: 


1) Paper tape coding is visible, tangible. You can see it, 
touch it, and with practice even read it. 


2) Paper tape is continuous. Unlike cards, it can’t get out 
of order. 

3) Paper tape is easy to program—preparation, verification, 
and reproduction of tapes are all handled on one inex- 
pensive machine, the Friden Flexowriter® (illustrated). 

For the machine tool buyer, standardization on paper tape 

means great savings. It’s so much easier (and less expensive) 

when one input system can control all of the numerically- 
controlled machines in a given plant. 

If you’re thinking numerical control, you'll be way ahead to 

think punched paper tape. © 1960. riven, inc 
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What’s new in Acro’s metal-clad 


switches? it’s Acro Lite... gives you a Control Panel 
Directly on the Switch! 











NEW Acro’s “21st Anniversary” Acro-Lite Acts 
e as a Control Board Right on the Switch! 


FEATURES: @ Switching unit is replaceable without removing 

housing from its mounting 

® Choice of five different actuators 

® Mounting is optional through any of the five 
mounting holes provided 

® Contact arrangement: single pole double throw. 
Internal switch has screw terminals 

® High capacity. Internal switch U.L. approved for 
21 amperes at 120, 240, and 480 V.A.C. Also 
approved 1 HP-120 V.A.C., 2 HP-240 V.A.C. 


Acro’s Small Sized Machine 
Tool Switch Handles Heavy Load 
2 


Controls up to four separate 
circuits for either pilot or line 
duty. Perfect for machine 
tool and all production ma- 
chinery applications. Actua- 
tor is adjustable 360° in two 
planes. Basic switch is easily 
replaced. Dust-and oil-tight, 
long mechanical life, long 
overtravel. Meets NEMA 
and JIC requirements. 





Available in Two Types 
Double Action Type actuates 
switch contacts when actua- 
tor is moved either side of 
“at rest” position. Single Ac- 
tion Type operates from one 
side of “at rest” position only. 
Both designed for long life 
under heavy use. 


ELECTRICAL RATING 


2 H.P. 230 Volts A.C. 
1 H.P. 115 Volts A.c. 
20 Amps-250 Volts A.C. 


RELAYS 


ATC TR JO, 


SWITCHES 


"OUR 2ist YEAR” 


This year — Acro’s 21st — introduces ACRO-LITE 
— a brand new feature that gives your customers visual 
evidence of performance —a miniature control panel 
directly on the switch! 

If you specify metal-clad switches in your product line, 
direct your purchase inquiry to Acro Switch. For Acro 
makes a complete, reliable line of metal-enclosed 
switches — that fill your needs for protective housings, 
with either side or flange mount casings. 


When Acro-Lite is Lit- 
the Switch is Powered! 


This miniature control panel consists of a neon light, 
built directly into the side of the switch. When the light 
is on, there’s power flowing through the switch. Or, if 
your product construction hides the switch from direct 
view — the light can be mounted remotely for easy visi- 
bility. Acro-lite offers high current ratings — 21 Amps 
— up to 2 HP. 

Switching unit completely enclosed in sturdy, lightweight 
aluminum. Rubber gaskets on all removable parts of the 
housing. Neoprene boot seals the overtravel plunger, 
making the switch dust - and splash-proof; assures con- 
tinuity of repetition patterns. Connecting conduit (switch 
housing is internally tapped for 42” conduit) completes 
the seal. Light operating pressures, with close move- 
ment differential. 


Acro’s Model “B” Enclosed Switches 


Acro features a complete line 
of enclosed switches with 
many different actuators and 
styles available. Dust and oil 
type enclosure, with side or 
flange mounting. Replace- 
ment switch kit is available. 
Internal Switch 
Underwriters Laboratory approved 


Write for more detailed 
information on ACRO’s 
metal enclosed switches 
and take advantage of our 
free engineering service. 
We'll be happy to go to 
work on your specific appli- 
cation problem. District 
offices located in principal 
cities. 


ELECTRICAL RATING 


Vz Amp 120; V4 Amp 240 V.D.C. 
15 Amps; 120, 240 or 480 V.A.C. 


ACRO DIVISION 


COLUMBUS 16, OHIO 


See our Booth #306 at The Production Engineering Show 
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when the need to know is NOW! 


The new LFE SM-2 converts digital com- 
puter language into a visual message . . . dis- 
plays alpha-numeric characters, arbitrary or 
abstract symbols, schematic or logical draw- 
ings, graphs, charts and maps. 

Twenty-one inch, flicker-free, display tube 
clearly displays up to 13,000 character mes- 
sages, or 90 characters per square inch .. . is 
easily readable with ordinary office lighting . . . 
features self-contained storage. Brightness and 
storage are completely independent of the 


number of characters on any given page. 

SM-2 is readily adaptable to data storage and 
retrieval systems as the on line output device. 
Typical of this application is LFE’s commer- 
cially available RASTAD system. 

Other applications include air traffic control, 
intelligence systems, inventory control, produc- 
tion control, process control monitoring, and 
other applications where information retrieval 
and display must be simultaneous. Additional 
specifications available by writing to Dept. C9. 


LABORATORY FOR ELECTRONICS, INC. 


1079 COMMONWEALTH AVE. -»* 


COMPUTER PRODUCTS 
DIVISION 


BOSTON 15, MASSACHUSETTS 
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ANNIN VALVES 


"STAGE CENTER” AT THE 15TH ANNUAL INSTRUMENT-AUTOMATION SHOW 
~eenii Booth 613 


(front and center on the main floor) 


...the proven answer to 
complex fluid control problems 
in the process industries and 


missile ground support 


Always the center of attrac- 
tion where the newest 
control valve concepts are 
sought, ANNIN brings to 
this year’s Instrument- 
Automation Show new de- 
signs ...new solutions... to 
complex control problems 
for industry and the mili- 
tary. On display—an im- 
proved standard valve line 
augmented by custom- 
built electro-hydraulic and 
pneumatic-hydraulic actu- 
ators. For missile and space 
vehicle ground support, 
Annin presents for the first 
time a self-draining valve 
for storable propellants, and 
a new vacuum jacketed 
valve for the control of 
liquid hydrogen. Check 
ANNIN first...and discover 
why no other line of valves 
and actuators offers so much 
in design and performance 
features. 


VALVES 


THE ANNIN COMPANY 


1040 SOUTH VAIL AVENUE 
MONTEBELLO, CALIFORNIA 
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FOR THAT 
VITAL: STEP from 
PRINT to PROCESS 





. (UL 
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...in the planning stage 
Wheelco Engineers can help you 
with early planning. Their 
knowledge of instrumentation can 
save you time and money. 
Suggestions on economical and 
efficient system control are 

yours for the asking. 








Industrial Instruments e Automatic Controls « Air Distribution Products e Aircraft Controls.e Electrical Components « 


110 
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Automatic Control Systems 


You can rely on Wheelco to implement your ideas for the best in 
process control e a broad line of flexible accurate instruments 
e a solid reputation for instrument dependability ¢ experienced 
engineering with twenty-five years of process instrumentation ¢ 
nation-wide service network of Wheelco offices, staffed by skilled 
engineers ¢ modern plants, production techniques, and a dynamic 
research and development program. Talk to the man who brings 
these advantages with him -— the Wheelco Sales and Service 
Engineer. He will help make the vital step from one-dimension 
planning to three-dimension reality. Why not call him today? 


BARBER-COLMAN COMPANY 


Small Motors e Overdoors and Operators « Molded Products e Metal Cutting Tools » Machine Tools « Textile Machinery 
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Thermo Electric 
Temperature Control 
Systems 





quatrec 
atadere 








Thermo Electric advanced systems-building components 
permit custom designing to satisfy your temperature moni- 
toring, indicating, recording, or controlling requirements, 
exactly and economically. Starting with T. E. thermo- 
couples—standard or special calibrations—from 1 inch to 
66 feet and longer, accessories are carefully selected by 
T. E. applications engineers to relay any number of sig- 
nals to your instrument panel. Quick-coupling plug and 
jack connectors and panels, extension wire and cable are 
precisely matched to eliminate false emf’s. Junction 
boxes, rotary, key or push-button selector switches are 
all designed and constructed by T. E. to the highest 
quality standards. 














To monitor, indicate, record or control process variables, 
T. E. offers the compact Signaling Controller—the 
Indicating Controller and Indicating Recorder with large, 
easily-read scales, or special multi-point monitor systems. 
All instruments have front-set controls, complete in-the- 
field range interchangeability, ease of service, and feature 
the new High Gain Relay or Servo Amplifiers with high 
sensitivity and exceptional stability. 


The portable “MiniMite” Indicator with 23” scale and 
0.25% scale accuracy, can be used to indicate on-the-spot 
temperature or for calibration and test work. 


Let us assist in building your process control system. 


Send application details on your letterhead today to Dept. 11 


antes “ 2. 





ACA. 





Thermo Electric 0.0. “2s 22 | 


fins | 


in Canada: THERMO ELECTRIC (Canada) LTO., Brampton, Ontario 
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For the 


finest 


5% 


combination 


of vital 


performance 


factors... 


Specify KETAY 
Servo Motors 


Performance and reliability in the 
size 8 servo motor, for example, is 
underscored by: 


Unexcelled ratio of stall torque to 
power input at maximum rpm, as 
related in the chart below. 


High acceleration at stall. 
Efficient operation over the am- 
bient temperature range of —55°C 
to +125°C. 

Superior “white room” manufac- 


turing, assembly and inspection 
techniques. 


i 
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TYPICAL PERFORMANCE CHARACTERISTICS 


=E— 





Type Number 


OO8E2A 


OO8E2C 


008E2D 





Excitation Frequency (cps) 
Rated Voltage: 

Fixed phase (volts) 
Control phase (volts) 

Input Power at Stall (watts) 
Starting Voltage (volts) 
Stall Torque (oz. -in.) 
Ratio Stall Torque 
to Total Power Input 


Rotor Inertia (gm. cm?) 
Acceleration at Stall (rad./sec.?) 
No Load Speed (rpm) 
Temperature Rise at Stall (°C) 
Operating Temperature Range (°C) 





400 


26 
26 
1.75 
0.68 
0.22 


0.060 
414 
36,000 
6,500 
50 
—55 to +125 





400 


26 
40/20 
1.75 
1.0 
0.22 


0.060 
414 
36,000 
6,500 
50 
—55 to +125 





—55 to +125 


For more information on these or any other of the complete line 
of Ketay Servo Motors and/or motor generators from size 08 to 
size 23, 26 or 115 volt, 400 or 60 cycle excitation, please write. 


KETAY DEPARTMENT 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


COMMACK, LONG ISLAND, NEW YORK 
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the world 


in 100 minutes 


...@ problem in navigation and guidance 


Behind that storied global traveler 
Phineas Fogg was his valet and navi- 
gator Passepartout. Tomorrow’s 
space “Phineas Foggs” will depend 
on a sophisticated electronic Passe- 
partout to guide their vehicles to the 
fringe of space and return—in 100 
minutes. 

Arma is ready for that era. As 
developer and producer of the first 
all-inertial guidance system for Air 
Force ICBMs, Arma has the knowl- 
edge, facilities and people to meet the 


challenge of navigating a manned 
glider in near space. 

Inertial guidance offers important 
advantages: self-containment . . . low 
cost...immunity to communica- 
tions failure . . . positive position cal- 
culation...no time lag in making 
course corrections . . . a minimum of 
ground support equipment. 

Arma is developing smaller and 


better inertial systems for use in the 
years ahead that employ subminia- 
ture computers, low threshold accel- 
erometers, gyros suspended in liquid 
metal and other advanced techniques 
in inertial instrumentation. 

ARMA, Garden City, New York, 
a division of American Bosch Arma 
Corporation ....the future is our 
business. 7910 


Engineers: Write to E.C. Lester at ARMA about career R & D opportunities. 


AMERICAN BOSCH ARMA CORPORATION 
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THE MOD 711 





WAM 


ing elements, 


@ Suitable for static and | 
measurements. 


entur 
~ ELECTRONICS & INSTRUMENTS, ING. 


The Home of Planned Pioneering 
TWX-TU 1407 ....".. Phone LUther 47111 © 
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RAL ° RESONANT FREQUENCY METERS 
REED *y Biddle 2¢ 


15 to 1500 cps The inherent simplicity and unfailing accu- Frahm Frequency Meters are available in 
(Special up to 1700 cps) "°Y of Frahm Resonant Reed Frequency switchboard, miniature and portable types 
2 to 62 reeds Meters have gained wide acceptance for in a wide variety of ranges for frequencies 

a them in many fields. from 10 to 1500 cps or even to 1700 cps for 

Molded Plasti The James G. Biddle Company introduced special applications. Specially designed in- 
_—— eee the first vibrating reed instruments in this struments can be made to your specifications. 

or Metal Cases country over 40 years ago. Throughout these We invite your correspondence regarding 
one years our ability and our facilities, for applications which require special modifica- 
producing only the highest quality instru- tions of range, methods of actuating, scale 
ages ogee ments, have steadily improved. Our many graduations or other design characteristics. 
212" to 84 years of experience, study of materials, Write for our bulletin which contains com- 
- processes, and controls, are your assurance lete specifications and prices . . . BULLE- 

Panel Mounting of satisfactory performance over long pe- IN 32 EEM i 

or Portable riods of service. 


ee 


Catalog 2997, 242% Catalog 5097, round Catalog 4890, round Catalog 4964-2 rec- Showinga 4%” metal Portable Type with a 
round metal case-- —380 to 420 cps, 314” case—400 cps, tangular — 58.0 to case with savare Miniature Round Fre- 
380-420 cps 100-150 volts (3%”) 1 cycle interval $2.0 cps,100-150 volts bezel, special range quency Meter (3'2”) 


e ® 
Sealed if required 
a 




















FRAHM RELAYS AND Interval 


Cat. Range Number between reeds Type of Accuracy 
OSCILLATOR CONTROLS Cycles of Reeds cycles Case Sealed g 
—for selective calling, remote operation, .. BM we: 5 il 
supervisory control, data transmission, ‘55-65. 
telemetering, and monitoring. 57.5—62.5 
The transmission of a 390—410 
. 380—420 
number of control sig- 375—425 
nals over a single com- 
munication circuit of any 
type is simplified by the 
use of these components. 
REED RELAYS act like 
bandpass filters with nar- 
row response bandwidth 
which operate on SPST 
contact—available with 
any one single nominal response fre- 
quency for each reed in them within the 375425 
range from 20 to 1000 cps. 380—420 
FRAHM ROC RESONANT REED 
OSCILLATOR CON- 
TROLS are circuit 
components for electric 
oscillators—they main- | 
tain oscillator output | 
frequency within close | 
limits—also used as 
electro-mechanical band- 
pass filters. 

Applications include: 
electrical and acoustical 
measurements, electrical 
communication systems 
(selective calling), re ae Operation and Cases meet ASA standard diameter dimensions 

Vv ) oO 18) . 

on enor one com rag — 3%"" meters available in round plastic, round metal (sealed or unsealed), or round 
metering systems, electro-mechanical plastic with square bezel 

— Sleers. Cuter: Crnteain ane Portable instruments available in all ranges shown with 3%’ cases 
available with any one nominal control 
frequency between 20 and 1100 cps— 
constant within +0.15% of the nominal | A BA E Ss G e | D D L e C o 
control frequency. - ad 

We particularly encourage inquiries on : —_ 5 7 ee 
special applications. 

Write for Bulletin on Reed Relays ‘ ’ ; 
—33 EEM...and ROC Oscillator -SP&ED Sa: 
Controls—34 CE * LABORATORY 
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Voltages 100 to 150 v—D.C. resistance 100 ohms per volt—Instruments meet 
MIL Specification 


ae ee a TESTING INSTRUMENTS | 
| 


1316 ARCH STREET 


PHILADELPHIA 7, PA. 


& SCIENTIFIC EQUIPMENT A seicreeehnsnmnsneati 
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ee 5 ao designers and manufacturers 
7 of electrical products and systems 


O44 3°39 for AUTOMATIC CONTROL 


MAGNECLUTCHES® 
and MAGNEBRAKES® 


magnetic particle clutches and 
brakes. Smooth, flexible 
operation, fast response, 
torque independent of 
speed, long life 


Series 6000 Bulletins. 


AUTOMATIC CONTROL SYSTEMS 
POSITION 


SPEED Vickers’ complete facilities and more than 
1,000,000 man-hours of direct experience in 

VOLTAGE design and manufacture of automatic control 
products and systems are available to assist 

you with your automatic control problems. 


CURRENT Contact the sales offices below, or write direct 


PHASE to us. 
PRESSURE 
TEMPERATURE 


Write for new 3320 Series Bulletins and price list (on your letterhead) orn onee-t 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 
ELECTRIC PRODUCTS DIVISION 
1837 LOCUST STREET / SAINT LOUIS 3, MISSOURI 
? Sales Engineering Offices: BOSTON (Rep.)—CEdar 5-6815 e CHICAGO—JUniper 8-2125 « CLEVELAND—EDison 3-1355 


DETROIT—TOwnsend 8-5100 e SAN FRANCISCO (Rep.)—Fireside 1-3433 e@ ST. LOUIS—CEntral 1-5830 e ST. LOUIS (Rep.)—JAckson 1-4877 
SYRACUSE (Rep.)—GRanite 4-4889 eLOS ANGELES—DAvenport 6-8550 e NEW YORK CITY—LEnnox 9-1515 WASHINGTON, D. C.— EXecutive 3-2650 
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FOR MULTIPLE 
CIRCUIT 
SWITCHING 


NORTH '700 SERIES 
“GANG” RELAYS 


Where reliability is a must—North 700 Series “gang” relays 
combine fast action multiple circuit switching capabilities with 
the proven dependability of a telephone type open relay for use 
in computers, sorting and punching machines and similar ap- 
plications. North 700 Series relays provide up to 16 pile-ups 
and are available to 32 form A or to 16 form B or form C contact 
arrangements. 

These relays are also available with double coils for heavy 
spring loads or extra fast action. Double coil relays are identified 
as 7200 series and can be supplied with 50 form A or 32 form B 
or form C contact arrangements. 

For applications where the small number of relays in a switch- 
ing system make a common DC power supply uneconomical, the 
North 7300 Series is available with AC rectifiers. 

North “gang” relays can be supplied with Double Gold Alloy 
or Solid Silver contacts, with solder type or AMP #78 type con- 
tact terminals, and with. 12, 24, 48, 75 and 110 voit coils (110 
V.A.C. for 7300 Series). Operating speeds range from 30 MS 
to 70 MS at approximately 2.2 watts. Faster speeds can be 
obtained with increased power. 

For detailed specifications on North “Gang” 700, 7200 and 
7300 Series relays, write... 


ELECTRONETICS DIVISION 
NORTH ELECTRIC COMPANY 
619 SOUTH MARKET ST., GALION, OH/O 
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AMBIENT TEMPERATURE 
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DIMENSION — ee 
to computer circuit pee with RCA 2N1384 


High current, high dissipation and high switching speed are combined in new germanium p-n-p 
drift-field transistor for use in saturating circuits in industrial and military data-processing systems 


Now you can specify a germanium drift-field computer transistor designed to 
meet the stringent requirements of today’s saturated switching circuits. The 
new RCA 2N1384 in the JEDEC TO-11 package, provides the following outstand- ee 
ing characteristics: 
e Exceptionally High Collector-Current Rating—Maximum collector-cur- 
rent rating is 500 ma COLLECTOR-TO-BASE VOLTAGE —30 max. 
High Dissipation Capabilities—Maximum transistor dissipation rating is COLLECTOR-TO-EMITTER VOLTAGE —30 max. 
240 mw at an ambient temperature of 25°C EMITTER-TO-BASE VOLTAGE —1 max. 


Ultra High Speed—Rise time of the 2N1384 in an inverter circuit at 25°C oy ame Be _ 
ambient is 0.08usec. Typical gain bandwidth product of 35 Me. = 


Broad Application—New, high current, speed, and dissipation capabilities a 


: : : : sane t i f25°C 2 ’ 
make the RCA 2N1384 applicable in a wide variety of saturated switching ro as ne oes po 55°C oa 1 





Maximum Ratings, Absolute-Maximum Vaiues 


circuits such as memory-core driver, pulse-amplifier, inverter, flip-flop, At an ambient temperature of 71°C 56 max. 


and logic power gates. AMBIENT-TEMPERATURE RANGE: 


e Immediately Available—and priced for your mass production requirements. Operating . —65 to +85 °C 
Call your RCA Field Representative today. Or write RCA Semiconductor and Storage ~SH4e"s 
Materials Division, Commercial Engineering, Section I-66-NN, Somerville, N. J. 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 


EAST: 744 Broad Street, Newark, N. J.,. HUmboldt 5-3900. NORTHEAST: 64 “‘A” Street, Needham Heights 94, Mass., Hilicrest 4-7200.EAST CENTRAL: 714 New 
Center Bidg., Detroit 2, Mich., TRinity 5-5600. CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago, Ill., WHitehall 4-2900. WEST: 6355 E. Washington Bivd., 
Los Angeles, Calif., RAymond 3-8361 - 1838 El Camino Real, Burlingame, Calif., OXford-7-1620, SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, FLeetwood 
7-8167. GOV'T: 224 N. Wilkinson St., Dayton, Ohio, BAidwin 6-2366 - 1725 “K" Street, N.W., Washington, D. C., FEderal 7-8500. 


Available 
through your 
RCA Distributor e 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 





What makes TRAN SC 0 PE 


Electronic and Pneumatic Recorders 


the most wanted 


miniature instruments 
on the market today ? 


... Lhe answer is SERVO 


In the past 2 years thousands of Servomatic motors 
have proven the inherent advantages of this Taylor 
innovation. Heart of the 90] (pneumatic) and 700J 
(electronic) recorders, it puts TRANSCOPE Re- 
corders in a class by themselves. It is the most re- 
liable device yet developed for converting an input 
signal into an accurate record. The tremendous 
power of these Servomatic motors—150 times 
greater than the bellows type (pneumatic), over 
1,000 times greater than galvanometer systems 
(electronic)—gives you all these advantages: 


@ Greater accuracy than ever before—l of 1% in 
standard instruments, 1/4 of 1% optional. 


@ Threshold sensitivity of 0.1% to input signal. 


@ 3 months’ ink supply mounted on the pen—no 
troublesome capillary. 


@ Lifetime recording accuracy —no critical pen 
pressure. ~ 


e No flimsy linkages and levers. 


e Truly rectilinear chart—no curved time lines. 


Plus these optional features: alarm contacts — 
retransmitting potentiometer— function generation 
— digital output with encoder discs. 


* * + 


Ask your Taylor Field Engineer for full details of 
all the many superior features of TRANSCOPE 
servo-operated recorders. Or write for Bulletin 
98286 (pneumatic) or 98335 (electronic). Taylor 
Instrument Companies, Rochester, New York, or 
Toronto, Ontario. 


See it demonstrated at the ISA Show, Booths 1432-36; 1531-35 
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7005 (electronic) servo motor 
is 2 phase, size 15, 60 cycle, 
117 volt— built to military 
specifications. 


Other TRANSCOPE advantages: 

@ Unconfused readability—because chart record, pen and set-point are 
side-by-side. 

e 4” chart reads from left to right—on rectilinear coordinates. 


@ Controller response adjustments may be made from the front—you can watch 
the results. 


@ Separate Plug-in Set Point Transmitters permit staying on automatic control 
—even when recorder slide is removed. 


e All principal assemblies are plug-in mounted for flexibility and accessibility. 


Cee TE RY 
fe bl thet ike Lhe} 
cy ‘ 


@ Plug-in recorders and controllers permit housings to be shipped 4-6 weeks 
earlier than completed instruments to enable you to make all necessary 
connections to tagged manifolds. 


Recorders of the future will have SERVO POWER... TAYLOR has it NOW! 


Taylor Lnslruments MEAN ACCURACY FIRST 
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WHEN YOU NEED 


FAST SWITCHING specify 


new Hughes 2N1254-2N1259 
P-N-P transistors 


Here are the fastest switching p-n-p silicon mesa transistors ever 





developed. Look at these outstanding features: Typ. f; of 75MC... 
thin base region...low stored base charge...low ts t, ts ty... 8 of 
1.5 min at 50MC... 8 of 1.75 typ. at 50MC...low collector capacitance. 
These transistors have good high-level gain characteristics, excep- 
tional low-level gain characteristics, plus high breakdown voltage. 
They give excellent performance at low voltages, and they are 
outstanding for high-voltage switching.* 


These new high-speed transistors are available in production 
quantities—right now! 


*The series is also available with the same electrical characteristics in a collector—grounded 
configuration with a free air power dissipation of 750 MW. 
There is a Hughes sales office or authorized distributor in your area. Give them a call 
today. Or, if you prefer, write Hughes Semiconductor Division, Marketing Department, . 
Newport Beach, California. 
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Types—2N1255, 2N1257, 2N1259 


; Types—2N 1255, 2N1257, 2N1259 Types—2N 1255, 2N 1257, 2N1259 
D.C. Current gain vs. Collector current 


D.C. Current gain vs. Collector current D.C. Current 


D-C Current Gain (hFE) 
sesseozue2 es 
ssssse8 


100 200 300 400 S00 G00 700 80S 469m) ige0 Ost 2 


Collector Current (ic) in Microamperes Collector ‘unt (le) i in Milliamperes 
Typical Value —-— a= — 68% Limits 





ee vs. Collector current 
VCE = 1 voltsTemp = 25°c + 3°c VCE = 1 volt;Temp = 25°c + 3°c VCE = 2 voltssTemp — 25°c + 3°c 














16 ity ss 20 30 40 $O 
Collector Current (ic) in Milliamperes 





Creating a new world with ELECTRONICS 


SEMICONDUCTOR DIVISION 


HUGHES AMCRATT COMPANY 
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... for Tachometry and Slow-Motion Analysis of Machines and Electromechanical Devices 


intense, white light — 70 times brighter than previous model 
(4.2 million candlepower on low-speed range). 


Short-duration light flash (1 to 6 usec) ‘‘freezes’’ motion... 
practically eliminates blur. . . lets you clearly see details 
that are invisible with other commercial stroboscopes. 


Long-throw beam reaches into machine innards — made 
possible by basic new flash tube developed exclusively for 
this instrument. 


Measures speeds directly with +1% accuracy up to 25,000 
rpm... useful to at least 250,000 rpm. 


STROBOTAC: A usefu! design and test aid for: 
a ae | a . 4 sae fe “- 


= 1 
io 


Relays - 


Unique carrying case provides full enclosure for protection 
against damage and doubles as an adjustable stand for 
convenient bench use. 


Pivoting lamp rotates 360° horizontally and 180° vertically. 


One simplified dial and range control adjusts rate of flash — 
eliminates errors accidentally caused by reading wrong scale. 


Type 1531-A STROBOTAC $260. Write for complete information. 


GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 
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The Impact on Labor 


As control engineers solve the technical problems to make auto- 
matic systems feasible in the plant, one nontechnical problem will 
need prompt attention too: how to ease the pain of local disturb- 
ances caused by the installation of automatic systems that reduce 
the size of the working force. Until recently, no labor union 
would go on record opposing the installation of automatic equip- 
ment, but the situation is about to change. 


Labor is now scared of automatic equipment. Union leaders Seary statistics 
have been studying some dreary (to them) statistics: For example, 
between 1947 and 1959 the number of American production work- 
ers declined by 500,000, while the Federal Reserve Board Index of 
Manufacturing Production showed an increase of 35 percent. In 
manufacturing, during the six years from 1953 to 1959, total em- 
ployment fell by 6.3 percent to 16.1 million, while factory produc- 
tion workers totals declined by 11.6 percent. 

The United Steelworkers Union blames the permanent loss of 
100,000 jobs on automatic equipment. In the years from 1948 to 
1959, production in the chemical industry increased by 80 percent 
while the number of production employees declined slightly. Over 
this same 11-year period, auto production has increased while the 
size of the work force has shrunk substantially—by 130,000 in De- 
troit alone in 10 years. 

Other industries report a similar downward trend. In railroad- 
ing, employment has dropped from 1 million in 1956 to 783,000 
in 1959, though railroad traffic did not decline. In coal mining 
491,000 workers produced 445 million tons in 1937; in 1958, 195, 
000 workers produced 410 million tons. 

While production employment has been sliding, the number of 
nonproduction workers has been growing—by 15 percent to 3.9 
million in the six years from 1953 to 1959. But the growth is not 
enough to offset the slide in production workers. 


The unions have a lot of ideas as to how to stem this reduction Union proposals 
in working forces. AFL-CIO President George Meany wants a 
35-hour week required by Federal law. President David J. Mac- 
donald of the USW is asking a legislated 32-hour week. Here’s 
a rundown on some other proposals: 

¢ United Auto Workers President Walter Reuther proposes a 
technical clearinghouse—a commission on technological change 
which would submit recommendations to Congress and the White 
House to “insure that the social gains and costs of technological 
progress be fairly shared”’. 

e AFL-CIO Communications Workers propose a “Bureau of 
Automation” to recommend how to combat unemployment and 
share the gains made possible by automatic equipment. 
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HERE’S PERFORMANCE... [iain 


FOR DIGITAL, MAGNETIC TAPE SYSTEMS 


STOP 


-— 
COMMAND | 
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\PHS FOR 4° TAPE AT 100 IPS 


START PROFILE 


3 10 MILSEC 


STOP PROFILE 


F 10 MILSEC. 


The Potter 906 II gives you the highest performance and reliability at savings up to 1/3 
the cost of ordinary tape handlers. Potter has been given complete responsibility for tape 


sub-systems in some of the most widely sold computers. Potter’s many years of con- 


centrated specialization in tape system designs assures computer manufacturers of perform- 
ance and dependability at costs that give them a competitive advantage in today’s market. 
Computer users, too, are specifying Potter tape systems for lower rental costs, fewer service 
problems, and less down time. The Potter 906 II Tape Handler is being specified by more and 
more manufacturers and computer users because of the kind of performance proven by the 
clean Start-Stop profiles above and because the 906 II offers such other advantages as: 
@ Full forward-reverse cycling with 1” tape at 120 ips Low skew tape guide@ High 
density: 450,000 8-bit characters per second canbe recorded on 1” tape 
by using the 906 II with the Potter Contiguous Double Transition 
System.@ Transistorized control of all functions@® Simplified packaging 
for easy maintenance. Write for detailed specifications, prices and 
delivery information on the 906 II and see proof that you get higher 

performance and greater economy from a tape system specialist. 


pile POTTER INSTRUMENT COMPANY, INC. 


Potter 906 11 magnetic tape 
transport in the custom 


designed M3340 cabinet.  SUNNYSide Boulevard, Plainview, L.I., N.Y. OVerbrook 1-3200 
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In addition, other union leaders have offered a variety of sug- 
gestions as to how to ease the impact of automatic equipment: 

1) Introduce such equipment gradually so that normal attrition 
—quits and retirements--offset the effects of less employment. 

2) Reassign jobs and retain those displaced. 

3) Shift workers throughout the company in different plant jobs 
or in different plants. 

4) Distribute severance pay and supplementary unemployment 
benefits for those displaced by the automatic machines. 

But none of these proposals provides the whole answer to auto- 
mation. Retraining, for example, is often easier to suggest than 
to do. Middle-aged employees are sometimes not retrainable. 
And there is serious doubt whether every machinist displaced by 
programmed control can be retrained to ‘be a computer program- 
mer, which is a category of employment in short supply. Workers 
are often unwilling to move to new geographical locations, too. 
And management sometimes cannot gear a new installation of 
automatic equipment to attrition—the installation has to be made 
at one time. 


What looks like the best way to solve the disturbance problem 
is a joint management-labor admission of responsibility and a 
willingness by both to help. Although most unions and most 
managements are not yet ready to admit such responsibility, there 
are a few pioneering programs blossoming: 


>» The Pacific Maritime Association has an arrangement with 
two groups, the International Longshoreman’s Union and the 
Warehousemen’s Union, in which a $1.5 million fund was col- 
lected by employer payments to buy time for a study of: 1) changes 
made by labor saving machinery, 2) savings to employers because 
of such changes, and 3) how such savings should be shared. 

The goal of the fund is to guarantee the same work force with 
allowance for normal attrition, at the same time guaranteeing the 
employer the right to make changes in equipment without restric- 
tions or reprisals by the union. 


> Armour and Co. has an unusual agreement with the Amal- 
gamated Meat Cutters and Butcher Workmen and the United 
Packinghouse Workers. Armour agreed to finance a $500,000 
fund, over a two-year period, by a royalty payment plan (a penny 
for every hundredweight of meat products shipped) to “cushion 
whatever unemployment may arise through the introduction of 
automation” in meat packing. The fund is handled by a tripartite 
committee authorized to study problems arising from moderniza- 
tion, to develop solutions such as retraining or job relocation, and 
to consider other methods of promoting employment opportunities. 

Since the fund was set up, Armour has closed six plants; its em- 
ployment has dropped from 60,000 to 40,000 in five years. When 
its latest plant was closed, a 50-year old facility in Oklahoma City, 
the company provided severance pay for the plant’s 400 workers 
and sent two University of Illinois professors to the scene to help 
employees. The twosome has been interviewing the displaced 
employees to determine their work background and future employ- 
ment possibilities. 

In addition, other experts hired under the Armour plan are 
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AMP PINBOARDS can do a host of dry circuit 
switching or commoning functions . . . permit 
numerous matrixes in one assembly. Complicated 
switching functions can be accomplished by 
simply inserting or removing a pin. 


You can use these PINBOARDS as modular 
| N building blocks for instrumentation applications, 

automated tooling, test equipment, data processing 
. . » any variety of size and grid arrangements 
in multiples of a basic 15 x 5 hole pattern. 

PO 4 N 7 Contact springs can be bussed in any combination 
desired. And for safety, there are no exposed 
conducting surfaces on the rear side of the board. 


The conducting area of the pin is safely inside 
3 ROG m4 A NVI Ni { N G board before contact is made with mating springs. 
AMP PINBOARDS are factory pre-wired to your 
specifications . . . with standard or special silk 
screen legends. Designed for simplicity .. . 


flexibility . . . reliability . . . with three 
amperes continuous current rating. 


Write for complete specifications. 
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studying the economic future of the meat packing industry, the 
problems of transferring workers from a closed to a still-operating 
plant, and the skills needed for new automatic equipment. 


> Kaiser Steel Co. and the United Steelworkers signed an agree- 
ment last year to set up a tripartite committee to recommend “a 
long range plan for equitable sharing among the stockholders, the 
employees, and the public, the fruits of the company’s progress”. 
The committee, headed by University of Pennsylvania Professor 
George W. Taylor considers the impact of automatic equipment 
on steel as critical, will probably take the whole life of the contract, 
until June 30, 1961, to make its report. 


The problem of displacement caused by automatic equipment 
will make a lot of noise in bargaining for the rest of 1960. In the 
electrical industry five AFL-CIO unions, led by the International 
Union of Electrical Workers, are concentrating on job security as 
the number one goal in negotiations with General Electric and 
Westinghouse. The IVE claims that GE boosted its production 
by 21 percent from 1955 to 1959, while at the same time cutting 
employment by 20 percent. 

The IUE’s approach to solving the problem is tough. Here are 
some of its demands: supplementary unemployment benefits up to 
65 percent of takehome pay of laid off workers; a union-manage- 
ment committee to recommend proper sharing of automation 
gains; a ban on the company’s contracting out construction work 
while plant union workers are jobless; severance pay; when a fac- 
torv is shifted, laid-off workers to get first crack at the new jobs, 
with the company paying moving expenses. 


Because the displacement problem has become so serious, it has 
even shown up in the platforms of both political parties. The 
1960 Democratic platform incorporated a section entitled, “Plan- 
ning for Automation”. The Democrats promised “to provide 
the government leadership necessary to insure that the blessings 
of automation do not become burdens of unemployment.” 

The Republicans urged “encouragement of training programs 
by labor, industry, and government to aid in finding new jobs for 
persons dislocated by automation”. 

The prospects of wholesale government intervention into the 
dislocation problem worry a lot of industry. Congress has al- 
ready cast an eye on the problem through its joint economic com- 
mittee, promises to keep reviewing the problem. One thing seems 
sure: if labor and management do not solve the problem, Congress 
will step in with legislation whether it is wanted or not. 
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90 AMP “ROCK-TOP" 
TRINISTOR’ CONTROLLED 
RECTIFIER 


PROVIDES MULTI-FUNCTIONAL CONTROL OF CURRENTS AND VOLTAGES 
WITH FAST SWITCHING TIME AND RESPONSE RATE 


New Westinghouse Trinistor ‘‘Rock-Top”’ construction provides high reliability, 

low maintenance, and positive protection against arcing at high voltages. 

Design engineers will find the improved electrical characteristics, listed below, 
can be used to advantage in a wide range of new control and switching applications. 


Lower Thermal Impedance 

Switching time 600 millimicroseconds 
Efficiencies in excess of 95% 
Simplifies circuitry 

Lower forward drop than thyratrons 
Minimum noise levels 


Parameters ideally suited for high-speed static switch functions 
Peak reverse voltage 60-360 volts 


For full information or engineering assistance, 
contact your local Westinghouse representative, or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa. 


INDUSTRIAL, MILITARY, AND COMMERCIAL APPLICATIONS INCLUDE: 
CONVERTERS / VARIABLE FREQUENCY CONTROLS / MOTOR CONTROL / 
VOLTAGE REGULATION / REPLACEMENT OF MAGNETIC AMPLIFIERS / HIGH 
POWER MODULATION / INVERTERS / REPLACEMENT OF THYRATRONS 


You can be sure...if it’s Westinghouse 
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Automatic Systems 
in the Plant 


- How the pieces fit together 


- How far they’ve penetrated 


- How much they earn 


WILLIAM E. VANNAH, Control Engineering 


It should be possible for a control engineer to ex- 
pose the structure and flow of a complete business 
enterprise in such a way that he could make the 
entire complex completely automatic. He would 
uncover the qualitative and quantitative interrela- 
tionships between machines, people, and the flows 
of raw materials, cash, energy, information, products, 
and profits. He would probably construct a vast 
block diagram to show the relationships of each 
operation and variable with the others. Given wide 
freedom to make worthwhile changes, he would 
devise a master plan to make each function of the 
enterprise automatic. The technical problems are 
surmountable. Some military enterprises (missions ) 
are already fully automatic. It should not be im- 
possible to transfer to industrial enterprises the 
knowledge gained in perfecting the most advanced 
automatic military missions. 

Why is it, then, that industrial automatic systems 
evolve in piecemeal fashion, rather than as coordi- 
nated phases of a massive master plan? In military 
and industrial systems the control engineer accom- 
plishes the same fundamental result: he makes a 
system of operations automatic to reduce its un- 
certainty, to increase the predictability and reliabil- 
ity of its hitting an objective. Industrially the auto- 
matic system will, for instance, minimize variability 
that otherwise requires subsequent inspection, blend- 
ing, and adjustment of product. 


Innovations are piecemeal 


The underlying reason for the piecemeal approach 
in industry is the limited amount of new engineer- 
ing that an industrial operation will afford. A manu- 
facturing operation is the accumulated product of 
years of engineering innovation and proof. The 
structure of the operation is shaped by the preceding 
technical and economic environment of its industry. 
Local environments, too, have strong influences. 
When a new manufacturing unit is on the design 
board, it is an economic impracticality to start the 


FIG. 1. Single control loops and unit control operations 
fit together, piece-by-piece, to create automatic proc- 
esses, automatic plants, and automatic businesses. 


design from a completely blank piece of paper. In- 
dustry can allow up to perhaps 25 percent of the 
design to be completely new. Therefore the engi- 
neer’s creativity is channeled into redrawing old 
sections of the paper and filling in a few new ones 
at a time. 

Yet industrial management is becoming aware 
of the benefits of the “systems approach”. It is 
attracted to the idea of stating a plant’s objective in 
terms of the production of specified products with 
allowable ranges of characteristics and of then work- 
ing backward through the entire sequence of opera- 
tions to optimize the whole. It understands that 
by integrated attention to every production opera- 
tion the whole manufacturing process will aim more 
surely at the objective, with greater reliability, efh- 
ciency, and economy. But since management can 
rarely afford a complete upheaval, it allows inno- 
vation where the engineer can convincingly demon- 
strate the greatest tangible benefit and puts a 
financial limit on the extent of innovation. ‘This 
drastically inhibits leaps to complete innovation, but 
it encourages a steady piecemeal evolution of auto- 
matic systems to spread out from the economically 
most attractive unit operations in the manufacturing 
sequence. In this atmosphere individual genius 
conceives and perfects a component tester. Local 
economics spur the conversion of a batch food proc- 
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ess to an automatic continuous one. Urgent com- 
petitive need to offer metalworking machinery that 
will make small-run production more economic 
fosters the development of a numerically controlled 
machine tool. Preservation of personnel safety 
simultaneously with integrity of generated power 
leads designers of steam power systems to mechanize 
the logic of startup operations. 


The pieces fit a common structure 


The matching of each system to the peculiar 
economic and technical environment of its industry 
and of its location gives it some amount of tailor- 
made character and some uniqueness. ‘To the casual 
viewer the wealth of uniqueness may present an 
overwhelming forest of detail. However, there is 
a common structure of control engineering into 
which all of the pieces sensibly fit. It is a hierarchy 
in which each level ranks according to the scope of 
variability that it handles. ‘The levels are: 

* single-loop control ¢ automatic plant 

*unit control operation § *automatic business 

* automatic process 

It is appropriate, while explaining a common struc- 
ture, to demonstrate the extent to which the devel- 
opments have been applied and what benefits their 
applications have earned. 

The greatest amount of new control work is at 
the level of the unit machine or unit operation; take 
it as the central element of the common structure 
and from it work up to the concept of controlling a 
complete business and down to the long-accustomed 
practice of controlling single variables. The unit 
control operation encompasses the complete control 
of a key operation in a total production scheme. It 
integrates all of the single control loops of the op- 
eration in response to a program which, in turn, 
is set off-line by man or by a control computer. 
Examples of unit control operations in production 
are numerical machine tool control, the winding of 
colored thread onto spools for rug-weaving, bread 
weight adjustment, and blending. Articles in this 
issue also cover unit control operations in materials 
handling and product evaluation. 

Subsidiary to the unit control operation is a group 
of single control loops, in each of which one 
effect-variable is measured and its most influential 
cause-variable automatically manipulated in response. 
Single control loops are the slaves of industrial con- 
trol. Unless continuously directed by unit control 
operations, they control at points set by human 
operators. Single loops work by inhibiting inter- 
action within the machine or operation. They tend 
to eliminate the operation’s variability by holding it 
at one optimum set of conditions. In contrast, the 
unit control operation puts the variability to work 
for optimization at all reasonable combinations of 
the single variables. 

Automatic processes are composed of unit control 
operations. Examples of automatic processes in 
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this issue are a thermal cracking furnace, a hot- 
strip mill, and generating station startup. They 
involve the logical coordination and the continuous 
optimization of unit control operations. All three 
examples accomplish their decision-making with on- 
line computers. Thedegree of innovation is high, 
well beyond the 25 percent figure given earlier. 
This is because the computer study that precedes 
on-line application exposes fruitful changes in 
process operations, as well as in the unit control 
operations and single control loops. Systematic 
study of the process operating patterns, not clearly 
understood before the computer was programmed 
with the process model, reveals relatively large op- 
portunities for improvement in operating tactics. 
As automatic processes are composed of unit con- 
trol operations, so automatic plants are composed 
of automatic processes, and automatic businesses 
will be made up of automatic plants. Two articles 
describe the application of data transmission equip- 





Industrial automatic systems earn these benefits. 
Check them off to establish tangible 
economic justifications for proposed systems. 





increased production 


more efficient scheduling of loads to machines 





improved operating routines 





more economic small production runs 





reduction in standby storage and blending capacity 





savings in raw materials 





reduction in reject rate 





minimized recycling or reprocessing 





reduced labor costs when personnel are reassigned 





Check these intangible benefits to 
establish additional justification. 





reduced downtime and delays 


streamlined ordering and inventorying 





machine-printed comparisons of shoploads and 
time standards 





component reliability data printed for designers 





machine-computed incentives, yields, and schedules 





briefer instruction of operators 
increased safety 








assurance that products meet legal requirements 





prevention of tool collisions 











ment and data processors to the monitoring and 
control of production processes within plants. The 
article immediately following this introduction dis- 
cusses work leading to an automatic business. 

Throughout the case histories, equipment surveys, 
and status reports of industrial automatic systems 
run recurring justifications for making operations 
more automatic. Over all is reduction in the effect 
of variability on the manufactured product. Varia- 
tions in raw materials, in energy and power, and in 
functioning of the manufacturing machinery and 
equipment are constrained or coordinated automat- 
ically. “How much did it pay?” is the question that 
was answered in most cases. If the answer had come 
forth in every case, we would then know how much 
each automatic system brought into the till, as well 
as how much it took out. All too often, however, 
a limit on the percentage of capital investment that 
could go to automatic systems has forced the engi- 
neer to concentrate on how much he could buy, 
regardless of how much an advanced control system 
might pay. As a result the industrial control engi- 
neer is an expert on costs of control products. From 
memory he can quote the price sheets of control 
manufacturers. He has yet to develop a comparable 
ability to estimate payoff. He recognizes the factors 
that definitely produce economic gains and in a 
few cases he has assigned dollar values to them. An 
important factor in selecting articles for this issue 
was the question of whether they stated justification 
in concrete terms. The first checklist catalogs solid 
justifications that yield handsome payouts. 

Other reported improvements are justifiable but 
their values are less clear-cut. Reduction of down- 
time and delays unquestionably has value because 
time is the base of wages, equipment funding charges, 
storage charges, and product delivery penalties. They 
go on with time, whether the machinery or opera- 
tion is running or not. The authors imply that time 
is money, but how much, they do not report. What 
values may one assign to the “intangible” benefits 
enumerated in the second checklist? 


Incongruities 


Opportunities for the control engineer are ex- 
panding along two dimensions. First, there is the 
tendency of automatic systems to encompass more 
and more of the elements of business and industry, 


as this issue demonstrates. Second, the ideas and 
advantages of single loop control and unit control 
operations are spreading out to industries that have 
been technologically more backward than the major 
manufacturing industries. Examples of the second 
expanding dimension are the cleaning industry, 
mining; sawmills, baking, textile spinning, concrete- 
block making, and municipal plants. Articles in the 
issue demonstrate this sideways penetration. 

The first expansion, the increasing dominion of 
control systems over operations and business, pre- 
sents a challenge, for the control engineer must 
acquire new knowledge. Challenges are opportu- 
nities or dangers, depending on the degree of the 
individual engineer's conservatism or reluctance to 
face new tasks. Industrial management has been 
surprised to learn that capable instrument people 
and some control engineers with a wealth of practical 
experience have shown more fear of increasingly 
automatic systems than have operators who may 
have a more compelling reason for fear—job dis- 
placement. (Industry’s Pulse, page 125, reports on 
the job displacement problem, the issues it raises 
this year, and some solutions that have already 
evolved.) Displacement of customary jobs and out- 
moding of engineering knowledge through penetra- 
tion of control beyond the unit control operation 
require retooling of skills. Examples in the issue 
demonstrate that operators may adapt to more highly 
automatic machines and processes with relatively 
brief training. The industrial control engineer, on 
the other hand, must acquire a great deal of new 
knowledge to adequately adapt to the new engineer- 
ing tasks. He must learn, for instance, the prin- 
ciples of logic switching, dynamic response, computer 
technology, and at least a smattering of statistics. 
The opportunity is here for him to build a more 
creative job on the foundation of his thorough 
knowledge of single control loops and the operations 
to which he has applied them. He has a headstart 
on newcomers. The question is whether he, stand- 
ing at the interface between the simple and complex, 
will be able to capitalize on his advantage. 

In similar vein, the maintenance man is faced with 
a more complex and responsible job. He must learn 
about the functions and equipment of advanced 
control. He must become familiar with the use of 
test equipment that he hhas seen in development labs 
but not in plants. 


FIG. 2. Operator will have 
to learn few new skills, con- 
trol engineer and mainte- 
nance man a great variety. 








AUTOMATIC BUSINESS CONTROL 


Using Corporate Models 
for Business Control 





Business management for maximum profitability requires control 
of more than physical processes and manufacturing facilities. What 
is needed is more up-to-date and more accurate information about 
such things as industry sales, raw materials sources, transportation 
alternatives, shop order status, and in-process inventory. Also needed 
are better ways to handle the staggering volume of paperwork, so 
that management can quickly formulate the best operating strategy in 
today’s competitive economy. In the first article in this section, a CtE 
editor considers how mathematical corporate models, mechanized on 
computers, will begin to provide critical management decision infor- 
mation. Article two tells how a general purpose computer keeps track 
of thousands of orders for fabricated parts, lowering costs and 
smoothing production. And finally in number three another CtE edi- 
tor surveys an exploding field; commercially-available systems for 





automatic production monitoring and control on the factory floor. 





t 


HARRY R. KARP, Control Engineering 


Maximizing corporate profits remains the prime 
objective of industrial organizations. Recognizing 
the shortcomings of the present accountant-oriented 
approach to dollar optimization, the questions oc- 
cupying the thoughts of long-range planners are: 
Can the manifold functions and vagaries involved 
in optimizing the profit of an extensive industrial 
organization be reduced to realistic equations form- 
ing a corporate mathematical model? Can_ the 
corporate model be stored and processed by a digital 
computer to yield the optimum course of action 
to be taken to meet a company’s strategic objectives? 
Apparently the answer to both questions is Yes, in 
view of the study and effort now being put into this 
aspect of business system control. 

Considerable effort and money have already been 
expended by many companies to obtain maximum 
profits by analyzing and optimizing some small, local 
portion of their operations. Invariably such optimi- 
zation requires a digital computer to manipulate the 
many thousands of bits of data. Whether optimiza- 
tion is by open or closed-loop control, the computer 
has stored within it a well formulated mathematical 
model of the local controlled unit, plant, or opera- 
tion. Evidence and experience gained so far indi- 
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cate that valid mathematical models can be derived 
and that digital computers can solve the problem 
reliably. Ample precedent exists for the extension of 
optimization to the maximizing of profits of larger 
portions of a company’s far-flung operation. 


What constitutes a corporate model? 


The main difference between local and corporate 
optimization is the type of information included in 
a realistic mathematical model. In the local optimi- 
zation control installations announced so far, the 
computer-stored mathematical model takes into ac- 
count a relatively limited set of essentially techno- 
logical conditions. Corporate models, however, will 
encompass a greater sphere of company activity. For 
one thing, corporate models may include a de- 
scription of similar activities of similar plants geo- 
graphically distant from each other, thus giving 
management an opportunity to optimize interplant 
operations. Or the model may represent greater 
portions of operations at one locale. 

In the corporate model the phenomena included 
may be extended to more than technological condi- 
tions. Thus, within the framework of a multitude 
of interrelated, interacting variables affecting corpo- 
rate profits, four fundamental equations may prove 
useful in developing corporate models: definitional, 
technological, behavioral, and institutional. Ex- 








FOUR BASIC EQUATIONS FOR DEVELOPING CORPORATE MODELS 


Definitional 


Technological 


Behavioral 


Institutional 





Phenomena analyzed 


Inputs required to derive 
equation 


Accuracy or stability of 
equation as an estimator 


Major use of equation 





Exact stipulated interre- 
lations (i.e., exact by defi- 
nition) 


The results of interac- 
tions of an essentially 
technological or physical 
process 


Human behavior patterns: 
the response of the com- 
pany’s customers, work- 
ers, and competitors, etc. 
to a given stimuli 


Operating or marketing 
constraints introduced by 
either the company’s own 
policies or the policies of 
government, the banking 
system, the industry, etc. 


None, represent exact def- 
initions. Knowledge of the 
interrelation between the 
variables. 


Historical data describing 
the inputs and outputs of 
the technological process. 
Knowledge of the dynam- 
ics of the process 


Historical data describing 
the behavior of a given 
sector of the population 
to a given measurable 
stimuli. Knowledge of the 
behavior pattern 


Historical or projected 
values of the institution- 
al constraint parameters. 
Knowledge of the institu- 
tional structure 


Accurate by definition, 
exact by definition 


Normally accurate and 
highly stable as long as 
the process has been ac- 
curately described and is 
not subject to sharp 
change 


Depends on the persist- 
ence and stability of the 
behavior pattern. Subject 
to random “shocks” since 
human behavior patterns 
cannot be perfectly re- 
duced to mathematical 
equations 


Accurate by definition as 
long as policy or institu- 
tional factors do not 
change. Subject to error 
if the projected policies 
change 


To develop precise interrelations 
between variables 


To forecast or project the results 
of a technological process in terms 
of the inputs required to yield a 
desired output or, conversely, the 
output that can be expected from 
a given combination of inputs 


To forecast or project the results 
of a change in some given inde- 
pendent variable (or set of inde- 
pendent variables) on the behavior 
(i.e., purchasing, expenditure or 
investment, etc.) pattern of a given 
human population 


To develop an objective, explicit 
estimate of the impact of a given 
company or external policy on the 
company’s operations and to rend- 
er explicit all of the purely insti- 
tutional constraints which limit 


courses of action open to company 





planations of these phenomena are given in the table 
(Ref. 1). Combinations of the four basic equations 
permit corporate description by 15 equation types. 

R. S. Weinberg of International Business Ma- 
chines Corp., originator of this table, states that 
the purpose of the mathematical model is to render 
the profit maximization problem explicit. “While 
mathematical models will never yield panaceas or a 
set of ‘cure-all’ formulas, they provide a logical means 
for utilizing all available information to develop 
more realistic and efficient marketing plans.” 

Essentially, then, the corporate model will be a 
formulation of the company’s strategy in optimizing 
its profit while operating in a complex environment. 
The model will take-into account the effects of 
economic, internal, competitive, and institutional 
environments, thus relating the company’s opera- 
tional strategy to such factors as total industry sales, 
general economic activity, share of market, produc- 
tion capacity, relations between sales, taxes and 
profit, and action-limiting policies. 


Formulating a realistic corporate model 


Practically speaking, of course, a great amount of 
human discretion is required to formulate a realistic 
model, lest the needed calculations strangulate the 
computer. The number of possible optimizing cal- 
culations is k", where k is the number of values ap- 
plied to each of n inputs. Thus, if k equals 4 and n 
equals 10 (a fairly simple situation) the number of 
“brute-force” calculations to find the optimum is 
over 1 million. While it is within the capability of 
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a large digital computer to calculate the 1 million 
answers in a relatively short time, adding just a few 
more inputs renders the computing problem ho? 
rendous and the optimizing project self-defeating. 

In the initial formulation of the model, manage- 
ment specialists will prepare a list of variables (or 
inputs) which may in a gross sense have some effect 
on profits. Suppose the list includes 100 inputs. 
Management’s subjective experience regarding the 
noninfluence of some of these variables permits the 
list to be reduced to, say, 50 variables. But even 
this number may be too great. Then the remaining 
50 variables may be subjected to a sensitivity analysis 
to determine, say, 23 critical variables, a small enough 
number to be handled by the computer. ‘The sensi- 
tivity analysis may take the form of a factorial or 
fractional factorial design (Ref. 2). The analysis 
may indicate that some variables seemingly im- 
portant in determining profit may in fact not be 
significant over a range of values and therefore may 
be replaced by a constant. The sensitivity analysis 
serves another useful purpose, that of determining 
the impact of the uncertainty or error of those critical 
inputs like sales forecasts which are estimated values. 


Where corporate-model control stands 


While it is fairly easy to visualize the broad, gen- 
eral ideas and significance of corporate-model con- 
trol, an important factor is the seriousness with 
which this concept is being approached and applied 
now. Some work is being done along this line, 
albeit under the guise of such other scientific dis- 
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ciplines as operations research, computer simulation 
and optimization, and market research and planning. 
One can reasonably assume that work is more ad- 
vanced than is indicated in the published reports. 
A few examples, based on announced efforts, will 
indicate the present status. 

Socony Mobil Oil Co.’s Dr. J. Aronofsky described 
some of the difficult and perplexing problems con- 
fronting large integrated oil companies in scheduling 
their operations (Ref. 3). Such operations can be 
represented by two flow models: 1) a fluid flow 
model that portrays transportation of crude oil from 
underground reservoirs to refineries, the crude’s 
movement and conversion to an array of products 
within the refineries, and distribution of refined 
products to the consumer and 2) a cash flow model 
that represents, at each significant operating phase 
in the fluid flow journey, whether profit is being 
generated or absorbed. 

“The contention is made that it will be feasible 
to construct a mathematical model that will ob- 
serve all fluid flow requirements (or commitments) 
and, at the same time, will keep track of all cash flow 
both into and out of tthe till. Furthermore, the 
contention is made that it will be technically feas- 
ible to solve this mathematical model (on an elec- 
tronic computer) when some specific data are fed 
into the computer. Once the computer calculation 
has been completed, there will appear in report form, 
by means of a high speed printer, some answers 
that could very well become the operating plan of 
the corporation. It will spell out in detail: what 
crudes should go to what refinery, the throughput 
and product yields at each refinery, the complete 
allocation of product distribution all the way to the 
consumer, and a summation of estimated operating 
budgets broken down for each important facility. . . . 
A frequent comparison of actual versus plan would 
be desirable in order to update and improve the 
model itself, and to provide a yardstick for judging 
the efficiency of each operating facility.” 


Day-to-day scheduling 


D. S. McArthur et al reported the development 
and day-to-day use of a mathematical model that 
represents one part of the over-all interplant corpo- 
rate model (Ref. 4). “Studies have been carried out 
by affiliated companies of the Standard Oil Company 
(N. J.) which have produced mathematical tools 
to assist in solving problems concerning marine 
transportation and terminal tankage. [One] 
operations research study had as its purpose the 
minimizing of all terminal and transportation costs 
mvolved in tanker movement of refined products 
from refineries to terminals. . . .” 

The operation involved 20-25 tankers moving prod- 
ucts from one supply source to 14 terminals and to 
15-25 major bulk cargo customers. A terminal han- 
dles 5-15 products, and each ship contains compart- 
ments for carrying 1-10 different products. “The 
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scheduling decisions to be made were what products 
and how much of each product to load on a ship 
and the terminal or terminals to which it should be 
sent. . . . Briefly, the method looks ahead 14 days 
and considers each ship in sequence as it becomes 
available for loading. It then evaluates each ship for 
possible assignment to each terminal and calculates 
a minimum cost cargo for each of the possible assign- 
ments. Then, using the cost for sending any ship 
to any terminal, it considers the ships in sequence 
through a series of five-day look-ahead periods. It 
then develops a minimum cost ship assignment 
schedule for each of the five-day periods, considering 
the assignment of ships in previous five-day periods.” 


Interplant production allocation 


More limited but still valuable investigations of 
interplant control can be studied with analog com- 
puters. The DuPont Co.’s Munson and Electronic 
Associates, Inc.’s Rubin, in a paper on optimization 
by random search, described the application of the 
analog computer to a production allocation problem 
between two plants (Ref. 5). Standard electronic 
analog computer equipment is used to determine 
optimum operating conditions for many randomly 
chosen combinations of independent parameters. 
Gaussian noise sources generate values of the inde- 
pendent parameters, and sample-hold circuits store 
those values which give the best value of the optimi- 
zation criterion. 

“Two plants make several of the same products. 
Each of these products has a sales demand and is 
used as a raw material for one or more other proc- 
esses. Because of geographical location, age of equip- 
ment, availability of labor and other similar factors, 
the costs of production at the two plants differ for 
each product. The problem was to determine, for 
any particular set of sales demands, the split of 
production between the two plants which would 
minimize over-all cost.” 

If interrogation for optimization occurs perhaps 
once a month, it will probably be feasible to convert 
the analog model to its equivalent digital program 
(possibly smoothing the less significant nonlinearities 
to simplify the digital program) and to assign the 
problem as one more task for a digital computer. 
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Computer Keeps Tabs 
on Work in Process 


The precise location and status of each of 45,000 orders for fabri- 
cated parts is continuously followed by an IBM 305 RAMAC com- 
puter in a new order locating system recently installed at Lockheed 
(Marietta). Reassigned expediters and file clerks have helped to lower 
costs by $3,500 a month for a system that’s better and faster 


E. W. CANNON, Lockheed Aircraft Corp. 


Lockheed’s Marietta, Ga., plant is the largest air- 
craft installation under one roof in the country. Over 
10,000 employees are kept busy producing the C-130 
Hercules, a prop-jet cargo-personnel transport, and 
the JetStar, a pure jet utility transport. Marietta 
is also converting B-47 jets into pilotless aircraft for 
U. S. defense testing. This tremendous operation 
has as many as 45,000 parts in stock or in various 
stages of fabrication or assembly at the same time. 
‘Thus it is not unusual for 1,500 to 2,000 inquiries to 
be made about the production status of individual 
orders in a single two-shift day. 

The task of keeping track of all of the 45,000 
fabricated-part orders has recently been given to an 
IBM 305 RAMAC computer, which stores the nec- 
essary information about each of the parts on one 
of its 50 magnetic disks. ‘The double density, 10 
million character storage capacity of the present 
disc file can actually handle over 90,000 part orders 
if necessary. Because of RAMAC’s speed and the 
fact that only a fraction of the part orders in process 
moves during short intervals of time, the RAMAC 
file is actually updated hourly, even while producing 
nearly instantaneous answers to the 100 or more 
inquiries that are made each hour. The result is 
that the part locating job is now being done faster 
and better than ever before. And the total operating 
cost of the system is $3,500 a month less. 


The old system .. . 


With the former job progress system, a request for 
the status of an order sent an expediter scurrying 
to a manually maintained locator file for the data 
and then hustling through the plant to try to catch 
up with the part. Eight clerks were required to keep 
the locator file within several hours of the actual 
order locations, and valuable time was lost in the 
resultant station to station searching by the expedi- 


ters. Also, it would have been prohibitively costly 
to generate any kind of summary of shop loading 
from the locator file data. 


. and the new 


The new computer system has done away with 
the locator file and permitted reassignment of its 
eight clerks plus 12 expediters. In the new system 
IBM transceivers which read, transmit, and repro- 
duce punched cards are located strategically in the 
plant to speed remote inquiries. One transceiver 
is located near the RAMAC 305 (see Figure 1); 
three others are in the JetStar stock area (see Figure 
2), the subassembly stock area, and the C-130 open 
stock control area. There are also five “hot” tele- 
phone lines feeding into the Data Processing Dept. 
which are used for urgent or short inquiries. 

The usual inquiry is punched into a card at remote 
stations beside the transceivers, transmitted to Data 
Processing and fed into the computer, Figure 3, 
which punches out the answer. ‘The answer is sent 
by transceiver back to the remote station which 
punches out a card for the expediter. ‘lhe answer 
to the query is printed along the top of the card in 
a code which the expediter can read (see Figure 4). 

When an expediter phones in, the operator in the 
Data Processing Dept. cuts a punched card and 
feeds it into the computer, as shown in Figure 1. 
The answer, received in seconds via the computer's 
console typewriter, is passed on by telephone. 

In addition, an IBM 381 remote inquiry station 
has been set up in the Production Control Div. where 
nearly all shop orders for fabricated parts are re- 
leased to production. This inquiry station enables 
the Production Control staff to query the computer 
directly, via keyboard, concerning the status of a 
particular order. ‘The answer is automatically typed 
out at the inquiry station, see Figure 4. This pro- 
cedure eliminates delays in waiting for a clear line 
and the possibility of errors from misreading or in- 
correctly copying an answer relayed by phone. 
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FIG 
punches card for urgent inquiry. RAMAC 


. 1. Data Processing Dept. operator 


computer behind him will read card and 
type out order status information in sec- 
onds. Operator will then read computer’s 
answer to expediter. Transceiver in fore- 
ground is used for most inquiries. 





FIG. 2. 


cards at remote transceivers such as this 


Usual inquiry is punched into 


one in stock area and transmitted to 
RAMAC. Output card from computer is 
then reproduced at remote transceiver 
with coded answer printed along top (see 
Figure 4). 





FIG. 3. 


IBM 305 RAMAC computer is 
queried by punched cards as shown, or by 
keyboard, which is duplicated in Produc- 
tion Control Dept. Computer output is 
via punched cards or the typewriter at 
right, which is also duplicated in Produc- 
tion Control. 


When a shop order is written, Lockheed’s IBM 
705 computer produces a cards and traveler 
cards for the RAMAC 305 work progress system. 
A few shop orders are id prepared manually in 
Production. Control and subsequently keypunched. 

The origin cards are fed into the RAMAC 305, 
which stores the necessary information on its memory 
disks. Usually a card will indicate a part number 
already ordered several times before, with work in 
process. If there is a part number record already 
stored, the computer creates an additional reference 
number portion to the over-all part number record. 
Thus if several orders are in process, it is possible to 
expedite delivery on a portion of an order by splitting 
it into two or more new orders. If no order had been 
previously stored for a particular part number, its 
reference number, completion date, quantity ordered, 
activity date, cost center to which the order is sent, 
and operation number are set up in the 305 RAMAC. 

The traveler cards accompany the order from sta- 
tion to station. When an operation in a given cost 
center is completed, the traveler card is taken to a 


booth along the assembly line where an operator on 
an IBM 26 printing card punch produces a move 
ment card indicating part number, reference num- 
ber, quantity being moved, the completing cost 
center, the next cost center, and the operation num- 
ber just completed. The traveler card is then returned 
to the order, which moves on to the next cost center. 

Every hour the movement cards are collected from 
all the booths and processed through the RAMAC 
305, updating the stored information. As a result 
the stored records are always precise to within an 
hour of showing where an order is being processed 
at a given time. The RAMAC system also gives a 
system of checks and balances based on the opera- 
tion numbers used. The computer will reject any 
input with a lower operation number than the num- 
ber on record for the order. For example, if normal 
movement from one station to the next is inter- 
rupted, a zero operation number is punched into 
the movement card and, before the computer proc 
esses it as input, the card is automatically checked 
for acceptability. 
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AUTOMATIC BUSINESS CONTROL 


Controlling 
Production Paperwork 


The objective of automatic control of production paperwork is to 
gather and summarize information about production quickly enough 
and clearly enough so that management can take steps to optimize 
the operation. Three types of equipment are available to do this: a 
monitoring system that reports when a production machine is run- 
ning, a data accumulation system that converts production data from 
the shop into computer format at a central processing station, and 
a special purpose computer system that performs computation on the 


data as they are gathered. 


LEWIS H. YOUNG, Control Engineering 


Plagued with too high machine downtime, a 
German plastics company installed an automatic 
production monitoring system to watch its 80 ma- 
chines, reported startling improvement after just 
three months of operation (see Figure 1): 

¢ Unnecessary personnel delays (operators not at 
the proper machine at the proper time) were cut 
from 2,140 min per shift to 90 min. 

Downtime resulting from no material at ma- 
chine dropped from 753 min per shift to 100 min. 

¢ Downtime caused by machine or tool break- 
down decreased from 3,915 min per shift to 100 min. 

¢ Delays due to tool changes were cut from 2,921 
min per shift to 990 min. 

¢ Delays caused by a machine having no work were 
reduced from 933 min per shift to 180 min. 

In a U.S. stamping plant, production increased 25 
percent within three months after installation of an 
automatic production control system. A screw ma- 
chine products company jumped production 22 per- 
cent by installing a monitoring system. 

These examples indicate what is behind manage- 
ment’s sudden interest in production monitoring 
and control systems. Properly used, automatic pro- 
duction control can lead to big savings, and these 
savings occur where they add up quickly: a reduc- 
tion of direct labor, an increase in the output of ma- 
chinery, and better use of materials. 

The objective of the automatic production control 
system is to gather data about production and to 
summarize them quickly enough and clearly enough 
so that management can take the proper steps to 
optimize the company’s operation. Behind the de- 
sign of the systems now available is this idea: the 


best place to get the input information for produc- 
tion control is as close to the machine doing the 
producing as possible. 

To do this job, three families of equipment have 
evolved, are now offered commercially. 

Type 1. Monitoring systems which merely report 
and/or record when a production machine is running. 
They also are a communication link connecting a 
supervisor at a central control point with the operator 
at the machine and other key work areas such as the 
maintenance department, stock room, and tool room. 
This type of equipment is illustrated by the Tele- 
control System built by Hancock Industries and 
Productograph, a German designed system intro- 
duced into the United States this month by Far- 
rington Mfg. Co. 

Type 2. Punched card data accumulation systems. 
Machine operators place punched cards into devices 
located on the production floor to send production 
or inventory information to a central point or direct 
to a computer for processing. Suppliers of such sys- 
tems include: General Time’s Stromberg Time Div. 
which makes Transacter, IBM with its 357 data 
collection system, Friden Corp. building Collecta- 
data, and RCA with its EDGE system which is still 
in the developmental stage and will not be an- 
nounced until later this year. 

Type 3. Computer systems for data accumulation 
in which the compilation requires so much com- 
putation that it is necessary to place a digital com- 
puter on the production floor. Major examples 
occur in the process industry—particularly steel roll- 
ing, utility industry, and petroleum-chemical manu- 
facturing. Most makers of process control computers 
claim their equipment can do this work. General 
Electric (with its 302 data accumulator) and Air- 
borne Instruments make special purpose computers 
especially for this job in the steel industry. 


CONTROL ENGINEERING 





34567 9 10 11 12 13 15 16 17 18 19 20 22 23 24 25 26 27 29 30 H 


July 1957 


a et a — | 
123456790 N 
September 1957 ~ 


FIG. 1. Production monitoring systems cut downtime sharply. Here is what happened 
at a German plastics factory when it installed Productograph in August. July 
figures were compiled before installation; September figures, after installation. 


Hancock’s Telecontrol 


Already installed in nine different industries— 
plastics processing, printing, leather tanning, auto- 
motive parts, specialty hardware, die casting, indus- 
trial machinery manufacturing, major household ap- 


pliances, and small household appliances, Telecon- 
trol is a monitoring system that attacks unnecessary 
downtime. It is an electromechanical system built 
by Hancock Industries at Jackson, Mich. The sys- 
tem is composed of five main parts: a sensing device 
mounted on the machine to count the parts pro- 
duced; a machine control box with alarm lights, a 
run-alarm switch, and a telephone jack; a central 
control panel with alarm lights and electromechan- 
ical piece and time counters; a key operations 
recorder that can chart what’s happening at 40 
stations on a single strip of paper; and an in-plant 
public address system. 

Here is how A. O. Smith, an automotive parts sup- 
plier, has used the system. As soon as a press operator 
(the company has connected 53 presses to the Tele- 
control system) runs into trouble such as a broken 
fixture, he switches the run-alarm toggle on the ma- 
chine control box located right on the press, starting 
a red light blinking and a warning beep in the central 
control room. Noting the number of the machine 
alarmed, the Telecontrol dispatcher announces the 
number of the machine in trouble over the loud- 
speaker so the foreman responsible for that press is 
immediately advised that one of his machines is 
down. The foreman goes to the press, plugs a tele- 
phone handset into the machine control box to 
advise the dispatcher what happened and what to 
do to correct it (in this case, call the maintenance 
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department). While all this is happening, a 
counter in the control room is keeping a record of 
the amount of downtime. With the monitoring 
system machine downtime for a simple breakdown 
was cut from 30 to 15 min. 

From an equipment standpoint the hardware is 
relatively simple. The entire Telecontrol system is 
timed by a master clock that starts the system on 
command, turning on green ready signals on the 
control board and at the machine control box. On 
the machine the green light tells the operator that 
the equipment is operative. ‘The sensing device used 
varies depending on the item being counted. It 
could be a limit switch, a photocell, a mechanical 
gate, or some other device such as a pressure switch. 
As each part is produced by the machine, a piece 
count is transmitted by the sensor through the ma- 
chine control box to the control panel in the central 
control room. 

On the control panel the Telecontrol dispatcher 
can see a light for each machine—green if the ma- 
chine is operating, blinking red if it is down but not 
reported, red if it is down. He can also read four 
mechanical counters for each machine: one counts 
production time, a second totals downtime, a third 
adds up completed pieces, and the fourth indicates 
the balance of the particular job to be produced. 
When the last counter indicates zero, the green 
operating lights on the panel and at the machine 
start blinking, advising both the dispatcher and the 
operator that the job is completed. This is important 
in industries such as printing and screw machine 
products which have overrun problems. 

Also displayed on the control panel for each ma- 
chine are such auxiliary bits of information as the 
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FIG. 2. From this control box : 
on a production machine an 
operator can communicate 
with and transmit informa- 
tion to... 


FIG. 3. Permanent record of cause of 
downtime is reproduced on this recorder. 


part number being made on a machine, the cus- 
tomer’s name, and the machine operator’s name 
and number. And it is possible to count the output 
of each shift separately in a multishift operation. 

The only permanent record from the Telecontrol 
system is maintained on a device called the key oper- 
ations recorder which can chart the activity of up to 
40 machines. Its record for each machine is simple: 
whether the machine was running or not. 

Cost of a Telecontrol installation varies between 
$350 and $550 per machine, depending on voice 
paging requirements, the kind of sensing devices re- 
quired, and in-plant wiring requirements. To date 
every installation has paid for itself within one year. 
One user claims to have paid for the installation in 
30 days from savings in downtime. 


Productograph 


A somewhat similar approach has been refined by 
the Josef Mayr Co. to provide more detailed in- 
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... this central control where a single dispatcher watches two panels, 
each handling 20 machines, and monitoring key readouts. 


formation about the production process. Available 
in Europe for several years, Productograph is just 
now being made commercially available in the 
United States and there are already two installations: 
one at a screw machine parts maker and another in 
a stamping plant. A variety of potential users are 
interested including an airline for its maintenance 
shop. In Germany, installations have becn made in 
a home radio plant, a plastics plant, a rubber process- 
ing plant, a textile plant, and some chemical plants. 

Productograph offers a greater variety of sensing 
devices for counting the fruits of production—14 
different techniques. Some of the unusual ones: 
a photoelectric cell counts objects on conveyor belts 
or packaging machines; flowmeters are available to 
measure air, gas, oil, power, or water; a meter trans- 
mitter can count length units; a microphone relay 
responds to noise and vibration, can be used to count 
parts or record operating time; a voltage relay records 
the operating time of machine tools, looms, and. 
similar equipment; and gear transmitter attachments 
are flanged to a machine shaft or connected by a 
chain to measure length or number of revolutions. 

Probably the main difference between Producto- 
graph and Telecontrol is the former’s ability to 
identify the cause of downtime. With a Producto- 
graph installation, when an operator signals the dis- 
patcher that a machine is down, he also signals the 
cause of the downtime by pushing one of five but- 
tons on the machine control box. A company can 
set up to detail downtime by any five causes that 
occur most often in its operations, for example: no 
material, machine breakdown, tool change, setup. 

Because it supplies additional information, the 
control panel is more complicated. For example, 
each machine has six time counters: one for produc- 
tion time when the machine is running, five for 
downtime—one for each cause of delay. By looking 
at the six counters, a supervisor can tell how much 
each machine has run, and how much time it has 
lost for each of the five reasons for delay. 
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Production quantity counting is also more com- 
plicated. The number of units produced by each 
machine is shown on a mechanical counter and on a 
linear counting scale, which not only displays how 
many units were produced by the machine but also 
how many are to be produced for the order. As 
production proceeds, a blue film tape moves across 
a quantity scale from left to right. At the start of 
an order, the dispatcher puts in the total required 
by moving a yellow film from the right end of the 
scale to the quantity. When the blue film reaches 
the yellow film, the order is completed. With its 
row of linear scales, the control panel looks like a 
huge Gant chart, but the linear scale of Producto- 
graph is operated automatically. 

A paper recorder charts the production time and 
downtime of each machine, the recorder track de- 
pending on what is being recorded. For example, 
production time might be charted as a thick black 
line; downtime caused by machine trouble might be 
recorded as a series of closely drawn thin single 
lines; downtime caused by a material shortage might 
appear as a series of thick black lines. 

Productograph also offers as an accessory an in- 
tegrating counter which will sum up all the time lost 
by all machines for the same reason. With this ac- 
cessory, management can tell at a glance how much 
time the entire operation has lost to machine break- 
downs, for example, or material shortages or setup. 

One other quick reference feature of the system 
is a lamp panel with five lamps for each machine. 
With a glance the dispatcher can tell what machines 
are down and the reason each is not running. 

With the addition of some computing circuitry, 
Productograph can calculate the machine operator's 
pay. A typical leasing cost: about $1,000 per month 
for a 20-machine system. 


Data accumulation systems 


Both Telecontrol and Productograph allow man- 
agement to exert minute-to-minute control of pro- 
duction machines. But they have a limitation, par- 
ticularly for the company which has a computer 
for business data processing: the outputs of the 
monitoring system are not compatible with any gen- 
eral purpose computer. To solve this problem, new 
data accumulation systems have been developed to 
record production data at the machine and to trans- 
mit them to a central point where they are put into 
computer format for further data processing. 

This type of system works best in production con- 
trol and inventory management. It seems _par- 
ticularly suitable for job shop manufacturing in 
which a complex product is built in many operations 
or of many parts. 

Most companies control raw material inventory 
and the stock of finished products reasonably well. 
Where they fall down is the control of work-in- 
process inventory. It is in this application that the 
data accumulation system contributes to manage- 
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ment efficiency. With such a system, management 
can know quickly where every shop order is, how 
much has been invested in the order to that point, 
and whether the job is on schedule or not. 


Transacter 


Typical of the systems to do this job is Trans- 
acter, especially built by the Stromberg Time Div. 
of General Time Corp. for industrial production and 
inventory control. A machine operator or stockroom 
clerk puts information prepunched on cards into a 
transaction transmitter located close to his work 
station. The data are then carried over wires to a 
compiler which converts them to computer format 
on punched tape and adds such information as date, 
time, and shift. One compiler is connected to a 
number of satellite transmitters. 

A key feature of the Stromberg system is the wide 
use of prepunched cards. Since the most expensive 
part of a punched card operation is preparation of 
the source documents, Stromberg has designed the 
system to use prepunched cards, which can be 
turned out automatically. 

Here is how the system would work in production 
control. When an operator on a machine tool, for 
example, finishes a shop order, he transmits this 
information to the compiler. To do this, he might 
put as many as three punched cards into the trans- 
action transmitter. First he might put in a 15- 
column plastic punched card which would identify 
himself, his clock number, his station, and his wage 
rate. Next a 22-column card might be inserted to 
identify the machine on which the work was per- 
formed, its standard time, depreciation rate, etc. 
Finally, an 80-column card, traveling with the job, 
would identify the job, the order, the cost and 
other essential information. In addition, the opera- 
tor can dial in some information such as the quantity 
of items produced on this particular job. After the 
cards have been inserted and the quantities dialed 
in, he hits a transaction bar to transmit a!l the data 
simultaneously. 

Since he previously had transmitted the arrival of 
the order at his machine, the exact times of the start 
and stop of the operation are recorded remotely. It 
he were to run into trouble such as a machine break- 
down during the job, he would advise the compiler 
of this by placing appropriate prepunched cards into 
the transaction transmitter. By using a different 
prepunched card for each cause of trouble, he can 
help classify the reason for downtime. The device 
is also used as a time clock by operators to punch 
in and out when they report for work and leave. 

Here is how Transacter might work on an inven- 
tory control problem. When an order is to be 
placed, a punched card is prepared containing essen- 
tial information: supplier, part number and descrip- 
tion, quantity, size, color, etc. The same punched 
card serves as a requisition, request for quotation, 
purchase order, receiving report, incoming inspec- 
tion, and final receipt in stockroom. Transmitters in 
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purchasing, the receiving room, the inspection area, 
and the stockroom keep information about the order 
up to date. 

When a specific Transacter system is planned, a 
code is set up to identify what is being reported and 
to specify what items are required to report that 
information. For example, for an operator to check 
in, the system might require just one 15-column pre- 
punched card, placed in the far left card slot. To 
report the arrival of an. order at a station might re- 
quire two punched cards; to report the completion 
of an order might require three punched cards and a 
quantity dialed in. To advise the compiler what 
information is about to be sent, the operator turns 
a coding dial to the proper position. If he sets the 
dial to report a completion of a job and fails to dial 
in the quantity, for example, the system will not 
transmit; instead, it will show him a warning red 
light indicating that the transaction was reported 
incorrectly and was not transmitted. 

Information on each line of the card is carried 


IBM 357 DATA ACCUMULATION SYSTEM 


FIG. 4. Worker inserts two 80-column punched cards 
into card reader, then punches in variable information 
on keybourd to send up-to-date production information 
from the shop to.. 


...a@ receiver in the data processing department where 
the information is put on punched cards. 


to the compiler over a separate wire pair. In all, 
the Transacter system needs 29 wire pairs; 12 carry 
information punched into the cards, one for each 
line on the card; other wire pairs carry such informa- 
tion as the timing signal, the Transacter code (which 
determines what is being reported) an audio line 
for servicing so a maintenance man at the transmitter 
can talk to a maintenance man at the compiler, and 
a scanning signal that keeps one transmitter from 
tying up the system if an error is detected. 

Information is transmitted as a 12-pulse IBM 
code. The compiler converts it to 5, 6, 7, or 8-chan- 
nel paper tape code. In addition, the compiler per- 
forms the necessary logic to decide whether the 
transmission was carried out correctly, to check the 
length of the message to insure accuracy of trans- 
mission, and to measure the strength of each pulse 
so that a warning can be sent if a pulse too weak 
for reading is received. The error checking features 
make Transacter’s performance practically perfect. 
Duting a typical month’s operation at its pilot in 
stallation, the Transacter compiler received and 
punched 1,015,960 characters with just one in error. 

As of July, seven installations of Transacter have 
been made—two in aircraft companies, two in plants 
of makers of electronic systems, one in a ball bearing 
factory, one in a government job shop, and one in 
an airline maintenance and cverhaul station; 14 more 
will be in by November. The system is leased, and 
a typical monthly rental is $350 for the compiler and 
from $47 to $74 per transmitter. Cable installations 
cost about $1 per foot. 


IBM 357 System 


Prepunched cards are also the backbone of the 
IBM 357 Data Collection System. A punched card 
to punched card system, the 357 requires that a ma- 
chine operator put two 80-column punched cards 
into an input station located close to his machine to 
pass production data to the data processing depart- 
ment. One card identifies the operator with his 
employee number, job classification, pay rate, etc.; 
the other is a traveler card identifying the job. 

One big difference in the IBM system, compared 
to the others like it, is the relatively complex 12- 
column keyboard by which a man on the production 
floor can send in auxiliary information. An instruc- 
tion code on the punched card automatically shifts 
transmission from the card to the keyboard. Actual 
readout from the 12 columns is controlled by the 
digits punched in the transaction cards that follow 
the instruction codes. The keyboard columns can be 
read out in any desired order by using a code that 
corresponds to the keyboard columns. Digit keys 
in each column are numbered from 9 to 1. There 
are no zero keys; zeros are read out automatically if 
no digit key is depressed. 

A typical 20-station system (10 stations with key- 
board and 10 with just a card input station) rents 
for about $1,000 per month. It would include the 
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FRIDEN COLLECTADATA 


FIG. 5. From transmitter in the shop . .. to punched tape receiver in the data processing department. 


20 input stations, an input control unit that se- 
quences data transmissions as they are initiated from 
the various input stations, the central output station 
which reproduces the data at distances as much as 
one mile away, and an automatic clock which in- 
serts time into punched card reports. 

To date the IBM 357 has been installed in such 
diversified industries as an aircraft company, an ap- 
pliance manufacturer, a public utility, an electronic 
systems builder, and a general fabrication plant. 


Collectadata 


A somewhat similar system has been marketed by 
the Friden Corp. under the name Collectadata. In 
this, however, only a traveler punched card is used, 
either a conventional tab card or an edge punched 
card. Variable information can be inserted into the 
system by 12 dials on the transmitter, which is 
located in the work area. 

With the Collectadata system when a production 
order for a job is prepared, the punched card traveler 
is also created so that it contains such information as 
order number, part number, and quantity. When 
the job arrives at a work station, the machine opera- 
tor inserts the card into the Collectadata transmitter 
which reads it and sends the information thereon 
by cable to a data collecting receiver where it is 
reproduced on punched tape. The tape can then be 
processed further by other equipment, for example: 
a tape-to-card converter, a computer, etc. 

In one application at the Northrop Corp., 97 
transmitters have been connected to 20 receiving 
stations to control production throughout the com- 
pany’s 27 manufacturing shops. Data collected on 
8-hole punched tape is forwarded to a computer 
center where they are first transferred to punched 
cards and then to magnetic tape. By processing the 
tapes at night, the company has a complete record 
of work-in-progress every morning. 


Computer data accumulation 


To gather production data in a continuous process 
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requires a much more complex system than any of 
those previously described, a system such as the Data 
Accumulator announced this summer by Airborne 
Instruments Laboratory, a division of Cutler-Ham- 
mer, Inc. Primary application of this system so far 
has been in the steel industry where it looks promis- 
ing in such processes as electrolytic tinning lines, 
side-trim and inspection lines, continuous annealing 
lines, recoil lines, and cold reduction mills. GE of- 
fers a somewhat similar system, costing from $75,000. 

In an application on a tinning line the AI Data 
Accumulator, which sits right alongside the process 
line, is collecting a measure of the footage of prime 
quality sheet, the footage of reject material, the total 
number and location of defects, and the type of de- 
fects. In addition, such data as order number, crew 
number, and coil number are printed out as a 
permanent record of each roll produced. 

The equipment to do this particular job includes 
three identical special purpose computers which 
operate in parallel on the same input information. 
A computer correlates a defect with its location on 
the fast-moving strip. The outputs of all three 
special purpose devices are compared; and if there is 
a difference, the majority rules, though there is a 
printout indicating that disagreement occurred on 
the location of that defect. Feeding the computer 
units are x-ray gage sensing elements which automati- 
cally spot defects and a visual inspection station 
from which an operator can spot defects and report 
them to the system as the sheet moves through the 
line at high speed. 

Employee's reaction to all of the systems has been 
enthusiastic, particularly when their pay is based on 
incentives tied to ouput. In one Connecticut plant 
that installed the Productograph system on half of 
its machines as a test, the system prompted a union 
grievance within three months of installation—by 
those employees who did not have the monitoring 
system on their machines. Take home pay of those 
who had the system had increased so much from in- 
centive payments resulting from increased production 
that the have-nots complained. 





Bringing Hot Strip Mills 
Under Automatic Control 








To achieve lower cost, better products, industry is placing larger and 
larger portions of its productive capacity under the supervision of 
integrated control and information processing systems, incorporating 
considerable computing ability because they can’t be handled any 
other way. This first article tells how National Steel will employ a 
digital computer to bring a hot strip mill under complete automatic 
control for the first time. In the second article a digital computer 
controlling a thermal cracking furnace achieved a 10 percent increase 
in yield. The last article of the section describes process logic in apply- 
ing a computer to automatically start electric generating stations. 








DONALD BRISTOL, Daystrom Systems Div. 
STEVEN KRAFT, National Steel Corp. 


The first computer to control a hot strip mill 
brings automatic operation to a part of the steel 
plant that has previously defied the application of 
automatic controls. In the hot strip mill, which 
converts a heated slab of steel into a coil of sheet 
metal, the rolls of the mill must maintain only 
enough tension on the sheet to keep the metal 
moving so that gage is controlled only by roll set- 
ting; and the mill must turn out a variety of prod- 
ucts—of different compositions, thicknesses, and 
widths—demanding that the program for roll screw- 
down and edge guide position change readily. 

At the Great Lakes Div. of National Steel Corp. 
early next year, however, a Daystrom solid state 
information system will start controlling a 12-stand 
(plus two scale breakers) hot strip mill, capable of 
turning out 80-in. wide strip. In addition to setting 
the screwdown of the rolls, the roll speed, and the 
position of the edge guides, the general purpose 
digital computer system will punch out a paper tape 
record of each coil of steel produced; it will monitor 
key plant variables such as furnace temperatures, 
slab temperatures, and pressures, and alarm if vital 
functions like lubricating oil or steam spray are 
shut off during rolling; it will log a record for the 
accounting department and store the information 
to prepare a metal identification tag that accom- 
panies each coil; it will program the changing of 
the rolls in the mill as they wear; and it will alter 
the program of screwdown and edge guide positions 
to turn out a variety of sheet products without 
stopping the mill. 


By adding computer control, Great Lakes will be 
able to increase the mill’s throughput of steel up 
to 100 percent, producing sheet at a rate of 3,000 
ft per min—making it the fastest running hot strip 
mill in the country. And the computer system will 
hold the finished product to specifications more 
tightly than a human operator could. The Day- 
strom system is designed to run the mill 24 hours 
a day, seven days a week. 

The first hot strip mill to be computer-controlled 
is being built for Great Lakes by the United Engi- 
neering and Foundry Co. It can be divided into 
two major parts (Figure 1): a roughing portion 
of five stands in which the slab is rolled to the 
proper width and gage dimensions to feed the 
second portion, the finishing phase. In the latter, 
seven stands convert the rolled slab to a coil of 
sheet in a continuous operation. In addition, the 
mill has a scale breaker located before the roughing 
stands and a scale breaker before the finishing stands. 
In between the roughing and finishing stands is a 
crop shear which cuts off the front end of the slab 
before it goes into the scale breaker which starts 
the finishing operation. ‘The crop shear is the only 
part of the mill not controlled by the computer. 


Processing the steel 


The hot strip mill rolling process proceeds this 
way. ‘The steel slab leaves a reheat furnace where 
it has been heated to rolling temperature and enters 
the mill. Scale is cleaned off by the scale breaker 
before the slab (or bar) enters the first roughing 
stand. ‘The rolls of the roughing stands are screwed 
down and vertical edger rolls are positioned and their 
speed controlled to squeeze the bar to the proper 
width and thickness to enter the finishing stands. 
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That means each stand has an edge guide and a 
vertical edger as well as a screwdown roll to control. 
The edge guides are preprogrammed to position the 
bar into the rotating vertical edgers. 

Leaving the roughing stand, the bar is held on a 
holding table until the finishing mill is ready to 
receive it, and enters a crop shear where the front 
end is cut off. The holding table gives the produc- 
tion process somewhat of a cushion in case the rough- 
ing end of the operation gets ahead of the finishing 
portion. In the finishing stands the metal is rolled 
to the specified gage. The seven stands squeeze the 
bar into a sheet about 3 mile long. Since the seven 
finishing rolls operate in tandem, each succeeding roll 
rotates at a faster speed than the previous one. The 
sheet is directed to a runout table where it is cooled 
by water sprays. Then the sheet moves to a coiling 
roll which winds it up for shipment. 

The computer continually monitors the thickness 
and width of the finished product, monitors such 
variables as the loads on each motor driving the 
rolls (finishing stands 2 through 6 have 8,000-hp 
motors), then updates the roll settings and speeds 
to improve the product. During rolling, steam sprays 
on the metal to keep the stock clean while the rolls 
are sprayed with water to keep them cool. 

What the computer system does can be divided 
into three parts: scanning and monitoring, control, 
and display. The machine receives about 150 analog 
inputs and looks at 700 contact closures, sends out 
200 digital control signals and 25 analog ones. 


Monitoring key variables 


Monitoring starts with variables in the reheat 
furnace and extends to the final coil. For example 
the computer scans furnace temperatures (40—10 in 
each of four soaking furnaces), fuel-air ratios in 
the furnaces (four), furnace water pressures so that 
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the furnaces will not overheat and melt the slabs 
(four) and furnace stack pressures (four). On the 
mill itself the computer monitors roll balance pres- 
sures (seven—one on each scale breaker and each 
roughing mill), screwdown positions (14—two scale 
breakers, five roughing rolls, and seven finishing 
rolls), vertical edger positions (five—one on each 
roughing stand), side guide positions (15—one on 
each scale breaker and roughing stand, one between 
each finishing stand), speeds (12—five vertical edgers 
on the roughing stands and seven finishing stand 
rolls), looper positions (six—one between each fin- 
ishing stand—to take up the slack in the sheet), 
slab temperatures (23—three prior to scale breaker 
and 20 not yet located), coil temperatures (two—one 
at exit of finishing stand and one in front of the 
coiler), aid coil weight. 

Certain mill operating variables are scanned too: 
hydraulic header pressures (two—water pressure 
to 1,500 psi), steam pressures (two), cooling water 
pressures, oil temperatures (48—to check the lu- 
bricating oil in bearings), and oil pressures (44). 
Finally, product dimensions are watched: width 
gages (two—one roughing and one finishing), and 
thickness gages (two—roughing and finishing). 

The system alarms if the furnace zone tempera- 
ture drops below a preset level (the computer could 
control this temperature too, but Great Lakes has 
no plans to perform such control), if steam or Ju- 
bricating oil pressure drops to unsafe levels, if steam 
(for cleaning the steel) or water (for cooling the 
rolls) stops, or if the metal gets out of gage. Other 
alarms occur when stack pressure in the furnaces 
gets too low, when furnace water pressure drops too 
low, and when side guides move out of adjustment. 


Controlling the mill 


The control problem can be looked at in two big 
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FIG. 1. Schematic of mill with key 
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stages: roughing and finishing. The computer will 
direct both analog and digital servoloops to adjust 
each roll of the mill. The roughing portion will be 
equipped with Westinghouse PRODAC controls, 
which are digital, to control roll speed, vertical edger 
speed, and edge guide position; the finishing rolls 
will have General Electric static (solid state) speed 
controls (primarily for manual control) and Day- 
strom analog controllers to regulate screwdown, roll 
speed (operating through the GE control for speed), 
and edge guide position under automatic control. 
Daystrom valve controls will regulate the runout 
table sprays to maintain proper coiling temperature. 

In the roughing stands, vertical edgers are chiefly 
responsible for maintaining the proper width. Each 
vertical edging roll is equipped with a tachometer 
which measures the roll’s speed; the information is 
transmitted back to the computer. A synchro meas- 
ures the position of the edge guide, prior to each 
stand, and transmits its intelligence back to the com- 
puter. The computer sets a proposed speed into the 
edger drive motors, then compares the programmed 
speed with that actually on the rolls. 

Feedback in the finishing phases comes from 
tachometers on each roll (to measure the speed), 
synchros which measure the gap dimension (roll 
setting) of each roll, and x-ray thickness gages. 

At each roughing stand an infrared device detects 
the position of each slab—as it approaches the roll, 
when it is between the roll, and as it leaves the roll. 
When a slab is detected approaching a roll, the 
infrared device turns on water and steam sprays; as 
the bar leaves the roll, the infrared device shuts off 
the sprays. But these detectors have an even more 
important information job. They keep the com- 
puter informed as to the progress of slabs through 
the mill so that the proper roll settings are applied 
to the right slabs. 

There is a reason for this scrutiny. If for some 
reason a slab is delayed in the roughing end of the 
mill so that it cools, the slab is ejected from the 


mill and sold as plate. The slab following it. may 
not have the same composition or be intended for 
the same gage sheet. The computer’s program for 
each slab is prepared in advance, with a rolling 
schedule dependent on the composition of the slab 
and desired gage. And these programs are lined up 
in the computer, one after another. With the infra- 
red detectors the computer is able to apply the right 
program to the right slab. Ifa slab is ejected from 
the mill, the computer learns this and passes that 
bar’s rolling program. 

In the finishing part of the mill there are some 
additional requirements which complicate the con- 
trol job. For example, stand number four, called 
the anchor stand, always runs at a constant speed; 
stands in front of it and behind it are speeded up 
or slowed down. Stand number seven, the last one, 
always reduces the sheet only 10 percent in thick- 
ness. This reduction is kept minimum so that the 
final finishing roll will put a smooth finish on the 
sheet and turn out good-looking product. 

Although the computer inserts speeds and roll 
settings into the controls of each finishing stand, 
actual control is modified by two subloops. The 
looper control corrects speed; an automatic gage 
control modifies roll setting. 

Because the speeds of all seven rolls are related, 
changing one would mean changing all of them— 
and the problem is additionally complicated because 
the speed of number four roll cannot be changed 
and number seven’s speed is closely restricted. To 
do this computation even on a general purpose 
computer would be terribly complicated. Instead, 
the hot strip mill will have looper controls between 
each finishing stand to help alter the roll speed. 

Object of the looper control is to keep the strip at 
a constant height between stands and at minimum 
tension as it passes through the mill. It is a spring 
loaded roller that can rise or fall as needed to keep 
the strip at constant height (Figure 2). As the 
looper’s roll moves, it sends correcting signals to the 
motor of the roll, adjusting the speed until the 
looper has moved back to preset position. 

Finishing stands 2 through 6 are equipped with 
automatic gage control which has two additional 
functions. 

How this automatic gage control works can be 
seen in Figure 3. The computer inserts (as an analog 
signal) the unloaded roll opening setting before the 
sheet arrives at the roll. Each roll, of course, has a 
different setting. Then the computer inserts, as a 
digital signal, a loaded roll opening which is added 
to a reading from an x-ray gage, a position detector, 
and a roll detector, to reset the speed of the roll. 

The unloaded roll opening signal is analog because 
it operates directly on the screwdown drive, an analog 
controller. The loaded roll setting is digital so that 
it will be compatible with the GE control which 
is digital. 

At the end of the finishing line, an x-ray gage 
measures the thickness of the finished product and 


FIG. 2. Looper control 
modulates roll speed 
on finishing stands. 
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sends this information back to the computer where 
it is stored and the computer evaluates how well the 
entire control has performed. If the sheet is on 
gage, the computer will then check to see if it was 
rolled under optimum conditions. The machine 
will attempt to optimize power; that is, since most 
of the stands have 8,000-hp motors, it would be 
inefficient to have one stand operating at 8,000 hp 
and another at only 4,000 hp. 

In addition, the computer will check settings it 
has put into the control and compare those with the 
settings that were actually used. For example, as 
previously mentioned, the looper control will modify 
the speed of the roll. If the looper control was very 
active, the computer will change its setting so that 
the looper will not be used as much on the next slab 
processed under these same conditions. Then it 
will look at screwdown position, as set by the auto- 
matic gage control. If the gage control is screwing 
the rolls down well beyond the setting the computer 
introduced, the machine will change its unloaded 
roll setting for the next slab. 

If the sheet is out of gage, the computer will per- 
form computations to determine what should be 
done to remedy the situation. 

The Daystrom information system will also deter- 
mine when the operating crew should change the 
rolls of the mill because of wear. Rolls are changed 
after they have passed over a certain tonnage of 
metal. During operation of the hot strip mill turn- 
ing out strip at speeds of 3,000 ft. per min, one roll 
may have to be changed every hour; changing 
requires about 4 min. As the mill operates, the 
computer will add up the footage that passes over 
each roll and will advise when it is necessary for each 
roll to be changed. 

Displaying performance 

For the display portion of the system, the com- 
puter will print out key variables on an electric 
typewriter. These will include all mill variables for 
every slab, including roll settings and speeds, side 
guide settings, order number, and finishing width 
and gage. A television camera will flash this dis- 
played information to six locations along the mill. 
The operating team will be able to tell from the 
TV monitor what their settings are. In addition to 
viewing by five operators, the information will be 
displayed at the delivery side of the reheat furnace. 

A second printout will be prepared for the ac- 
counting department. The chart (at right) indicates 
what variables the accounting department will re- 
ceive for this historical log. Another output will 
be a punched paper tape, one for each coil pro- 
duced. The dimensions of the finished product are 
divided into 10 separate categories, five below speci- 
fication and five above. The punched paper tape 
will contain this type of information: grade no. 
6—2,00C feet; grade no. 7—1,000 ft.; grade no. 8— 
400 ft., etc. 
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ACCOUNTING DEPARTMENT PRINT OUT 


Order number 

Heat number 

Slab number 

Slab number in order 
Slab length 

Slab width 

Slab thickness 

Slab weight 

Metal specifications 
Finished gage 
Finished width 
Finished temperature 


Finished weight 
Coiling temperature 
Date 
Tolerance 
Delivery thickness out 
of last roughing stand 
Time slab started 
and completed 
Percent yield 
Percent off gage 
Percent off width 
Shift number 





There is one other output of interest. The com- 
puter will store enough information to prepare a 
metal identification tag which is attached to the 
finished coil. The tag contains such information 
as the furnace which supplied the steel, stand set- 
tings, order number, the heat number, metal speci- 
fication, finished gage, finished width, coil weight, 
and coil length. 

From an arithmetic standpoint, most of the com- 
putations the computer will perform are simple. 
For example, it will compute incentives for the 
operators, a straightforward calculation, and it will 
calculate percent yield based on the weight of the 
incoming slab and the weight of the finished coil. 
But one computation will be complex—and it repre- 
sents a major innovation in the steel industry. Great 
Lakes, Daystrom, and mill designer United Engi- 
neering will try to convert the empirical mill sched- 
ule curves to a generalized equation which the 
computer will be able to solve. If this is accom- 
plished, the computer will be able to compute what 
roll settings te use at what speeds to produce a de- 
sired gage of any specific metal. 





AUTOMATIC PROCESS SYSTEMS 


Controlling a Thermal 
Cracking Furnace 
with a Digital Computer 


THE GIST : Convinced that the potential value of digital-computer di- 
rection of a production process outweighs initial technical and eco- 
nomic risks, Phillips joined with Autonetics in an experimental pro- 
gram to explore computing-control. The program, carried out on a 
thermal cracking furnace, showed that: 

> A 10-percent increase in ethylene production was achieved by first 
using the computer for process analysis and testing to provide infor- 
mation on the best way to operate the furnace. Employing these new 
facts, just a few months’ production operation at this increased rate— 
without a permanent computer installation—paid for the entire exper- 
imental effort. 

> An additional 6-percent increase in ethylene production from one 
furnace—but with a permanent on-line computer to maintain this in- 
crease—was obtained by using the computer to continually operate 


the process at maximum safe conditions. 


J. R. PARSONS, E. D. TOLIN, and 
A. J. ANDREWS, Phillips Petroleum Co. 


The thermal cracking process in Phillips’ ethylene 
plant at Sweeney, Texas, chosen for the experimental 
digital computer control program, employs several 
parallel furnaces to crack light hydrocarbon feed- 
stocks, thereby yielding ethylene and other products. 
The ethylene is subsequently used to produce Mar- 
lex, Phillips’ high density linear polyethylene. The 
product’s value is so large that small percentage in- 
creases in throughput or yield may easily justify a 
computer system. Inherent operational problems 
indicate potential substantial improvements: carbon 
buildup inside the furnace tubes, determining conver- 
sion and product distribution in furnace effluent, and 
determining tube skin temperatures. 


The Process and Its Objectives 


The process consists of several Selas cracking 
furnaces. Each furnace can charge propane, normal 
butane, or ethane. Figure 1 shows a furnace and its 
control system. The hydrocarbon feed is diluted 
with steam, the only other material present, and fed 
into the convection section’s two parallel coils. 
These coils converge to a single shock and radiant 
coil. For propane cracking the inlet conditions are 


260 deg F and 60 psig. Outlet: 1,500 deg F, 10 psig. 

Products are formed by endothermic thermal 
cracking. Furnace effluent composition consists of 
at least 16 components ranging from hydrogen to tar 
and carbon, with the effluent typically containing 
20 to 40 mol percent ethylene. 

As shown in Figure 1, three manipulated variables 
are adjusted by the computer during closed-loop 
operation. Otherwise, setpoint adjustments are 
made manually. ‘These manipulated variables are 
the hydrocarbon and steam feed flows and the 
Tube 3 gas temperature. The temperature recorder 
controller TRC cascades into a fuel gas header pres- 
sure recorder controller PRC, the output of the 
TRC resetting the PRC’s setpoint. Firing conditions 
are manually adjusted by two stack dampers and by 
a Merco valve on each of eight headers (four on 
each side) with each header feeding 12 burners. 

Key operational factors are conversion, the percent 
feed destroyed, and ethylene yield, the pounds of 
ethylene per 100 pounds of feed destroyed. Con- 
version, a function of the area under the residence- 
time vs gas-temperature curve (Figure 2), depends 
on throughput, heat input, and furnace pressure. 
If throughput decreases, residence time, area under 
the curve, and conversion will increase. 

Ethylene yield is a function of conversion, outlet 
pressure, throughput, steam-to-hydrocarbon | ratio, 
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FIG. 1. Phillips ethylene 
thermal cracking furnace 
operates under closed- 
loop control of an Auto- 
netical RECOMP II digi- 


tal computer. 
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and gas temperature profile. Over the range of in- 
terest, yield is a direct linear function of conversion. 
As outlet pressure increases, yield decreases. As 
throughput increases, residence time decreases, tend- 
ing to increase yield. At the same time average 
cracking pressure increases, tending to decrease yield. 
Over a range of throughputs these effects cancel and 
no change in yield is observed. However, a point 
is reached where the nonlinear throughput-pressure 
relationship overcomes the residence time effect, 
and yield decreases as throughput increases. An in- 
crease in steam-to-hydrocarbon ratio causes a de- 
crease in hydrocarbon partial pressure and results in 
increased yield. A gas-temperature profile with short 
residence time at high temperature will result in in- 
creased yield. 

Tube skin temperature limit adds a constraint to 
the foregoing complex relationships. For example, 
increases in throughput and temperature, at constant 
conversion, demand increased heat fluxes and skin 
temperatures which may be metallurgically unsafe. 

The basic control objective was to manipulate 
these interacting relationships for maximum through- 
put without exceeding skin temperature limits. 


Control System Equipment 


At 35-ft air conditioned van, parked near the ethyl- 
ene plant control room, housed the data collection 


SEPTEMBER 1960 


system, the Autonetics RECOMP II digital com- 
puter, and the digital to analog converter. The in- 
terconnection of these units with the process furnace 
is shown in Figure 1, above. 

The data collection and sequencing system de- 
veloped by Phillips, Figure 3, sequentially examines 
23 inputs at one point per sec. Transducers convert 
the 3 to 15-psig pressures and differential pressures 
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FIG. 2. Conversion of the hydrocarbon 
feed in the thermal cracking furnace in- 
creases as the area under the residence- 
time vs gas-temperature curve increases. 
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FIG. 3. Data collection and sequencing system 
developed and built by Phillips scans 23 analog 
inputs and digitally codes them for the computer. 


to millivolt signals. The analog sequencer chooses 
the proper zero suppression and amplifier span and 
feeds the selected millivolt signal to the Kin Tel 
amplifier. All amplifier outputs thus range from 
0 to minus 9.775 volts. Subsequently the Packard- 
Bell Multiverter converts the analog voltage signals to 
a digital output of 0 to 1,000 in the form of 10 
parallel binary bits. ‘The digital clock, however, 
delivers 11 parallel binary bits for hours and minutes. 

The digital sequencer accepts the Multiverter and 
digital clock parallel outputs, generates the neces- 
sary zeroes to produce a fixed length computer word 
of 15 bits, and presents the data to the RECOMP II 
—which accepts five parallel bits—as three serial 
groups of five parallel bits. The “start scan” signal 
comes from the computer, but once started the data 
collection system runs at its own rate. The com- 
puter accepts one word and is ready for the next 
before it becomes available from the sequencer. 

RECOMP II, made by Autonetics, a division of 
North American Aviation, Inc., is a fully transis- 
torized, general purpose digital computer. It fea- 
tures small-computer compactness and operating 
economy with the power and versatility of a me- 
dium scale computer. Outstanding are its extensive 
command structure, two commands per word, and 
floating point hardware. The computer comprises 
computing, control, and memory units housed in a 
single cabinet, photoelectric paper tape reader, paper 
tape punch, on-line electric typewriter, and control 
console with numerical entry keyboard. 

Digital to analog conversion is accomplished by a 
pulse width to shaft position converter. The Nixie 
tube on the RECOMP control console, by program- 
ming, displays any digit for any length of time. The 
program bases digit selection and display time on the 
setpoint that is to be adjusted and the direction and 
magnitude of adjustment. For example, displaying 
digit 2 means increase Tube 3 gas temperature to a 
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new value equivalent to the display time. The par- 
ticular digit displayed sends a unique combination 
of 0 and minus 40-volt signals through a diode matrix 
that selects which two of four selection circuits will 
be energized to further determine which of three 
motors will turn and its direction of rotation. 

At rest, each motor shaft serves as a memory. 
Coupled to the shafts are shaft position to pneumatic 
setpoint transmitters which feed through transfer 
switches to pneumatic set controllers. Setpoint 
transmitter output does not change if power fails. 


Computer Programs 


Once the constant data is loaded into the com- 
puter, the control system functions are carried out 
by load data, furnace, control, and reset programs. 
The entire program contains about 5,000 commands, 
many used repeatedly, and 750 stored constants. 

The load data program provides correct numbers. 
Digital input for each variable is collected, stored, 
and used to solve engineering unit equation: 

EU = A+ BD + CD? 

where A is zero suppression, B is span, C is linear- 
ization, and D is the digital value obtained from the 
Multiverter. The selection of good data is required 
for accurate computation. Therefore, each variable 
is checked against fixed high and low limits and 
each set of data after the first is checked against the 
previous set for rate-of-change limit. The computer 
continues asking the data collection system for sets 
of data until three successive good sets are obtained. 
The computer then averages the data for each point 
and prints out the load data. Variables which re- 
quire further computation are then processed. 

With good load data available, the computer pro- 
ceeds to the furnace program which carries out the 
calculation based on a mathematical model pre- 
viously developed for designing furnaces by an off- 
line computer (Reference). To make this calcula- 
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tion the furnace is divided into 16 increments. Incre- 
ment size varies from one to eight tubes in length. 
Hydrocarbon feed cracking is calculated progressively, 
starting with the eight-tube increment at the fur- 
nace inlet where no cracking takes place. 

For example, at the furnace inlet the pressure, 
temperature, composition, and total feed rate are 
known. The computer calculates, for the first incre- 
ment, effluent gas pressure and composition, con- 
version, average heat flux, and average skin tempera- 
ture of the last tube in the increment. Increment 
outlet temperature is measured and known. Using 
these outlet conditions for the first increment as the 
inlet conditions for the second increment, the 
furnace program proceeds down through the furnace, 
increment by increment. Outlet conditions for the 
final increment are the furnace outlet conditions. 

Based on the data now available, showing where 
the furnace is being operated, the control program 
calculates new setpoint adjustments necessary to 
operate the furnace at a production optimum and 
still be within the boundaries for protecting equip- 
ment and personnel. Process controller setpoints 
are adjusted manually by the process operator from 
printed operating guides or by the computer itself 
via the automatic setpoint adjustment. Reset pro- 
gram prepares the computer for the next run. 


Plant Programs 


After installing the computer system, the furnace 
was operated at high and low conversion levels to 
determine the model’s ability to follow actual 
furnace changes. The stoichiometric equation con- 
stants were adjusted until conversion accuracy was 
plus or minus 2 percent and yield accuracy plus or 
minus 5 percent of their measured values. This 
accuracy can be improved by further effort. The 
computed conversion and effluent composition were 
verified by comparing them with independent 
sources of plant data: a laboratory mass spectrometer, 
on-line chromatographs, and plant material balances. 
' The skin temperature calculations were verified by 
comparing with skin thermocouple measurements. 
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FIG. 4. Using the computer for on-line con- 
trol permits the furnace to be run at highest 
safe tube skin temperatures, thereby adding 
valuable increment of throughput capacity. 
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Aided by the computer, the systems team deter- 
mined that a shift in the furnace firing pattern 
allowed the charge rate to be raised 12.5 percent 
above the normal (design) rate at constant con- 
version. Ethylene yield decreased at the higher 
throughput so that ethylene production increased 10 
percent. The change in firing pattern increased the 
heat flux and corresponding gas and tube skin tem- 
peratures in the upper part of the radiant section. 

To justify an on-line computer control system, 
the process must be subject to frequently occurring 
disturbances. A study of cracking furnace operations 
showed only one major disturbance: the gradual 
formation of carbon reduces heat transfer through 
the tube walls. Carbon buildup ordinarily causes 
the furnace to be shut down about every three weeks. 
During shutdown the furnace is burned out and left 
clean of carbon for the start of the next operating 
period. For the same differential temperature across 
tube walls, more heat can be transferred when the 
furnace is clean than when it has a carbon deposit: 
the furnace has a higher capacity when clean than 
when coked. 

Figure 4 illustrates this idea. The triangular area 
represents an added increment in charge rate which 
is not available without an on-line computer be- 
cause it is too risky to run at the skin limit without 
adequate knowledge of skin temperature. 

Several tests verified this premise. With a clean 
furnace the charge rate was raised to 128 percent of 
design. As the furnace coked, it was necessary to 
reduce the charge rate gradually to 112 percent of 
design by the end of the operating period. The 
average charge rate over the operating period was 
120 percent of design. Thus an 8-percent increase 
in charge rate was realized with a resulting 6-percent 
increase in ethylene production. The carbon lay- 
down disturbance cannot be eliminated, but max- 
imum, safe use of process equipment prevails at all 
times during the disturbance period with on-line 
computer control. 

The data acquisition system worked faithfully 
during the entire seven-month program because of 
its simple design and low use factor. Experience 
with the RECOMP II indicates that it is reliable 
and requires little maintenance. Before obtaining 
satisfactory performance, however, a run of computer 
system trouble was experienced. The basic trouble 
was typewriter timing contacts. In fact, most hard- 
ware problems were traced to the typewriter. Fortu- 
nately, few of these annoying troubles caused com- 
plete system failure. 

After the tests were completed, the van and com- 
puter system were removed from the plant. This 
equipment will be used to evaluate computer con- 
trol for other petroleum and chemical processes. 


REFERENCE 
TUBE BY TUBE DESIGN OF LIGHT HYDROCARBON 
CRACKING FURNACES USING A DIGITAL COMPUTER, 
A. J. Andrews and L. W. Pollack, “Industrial and Engineering 
Chemistry,” February 1959. 
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AUTOMATIC PROCESS SYSTEMS 


Starting an Electric 
Generating Station 
-Automatically 


THE GIST: The idea of using control computers in the electric gen- 
erating industry is no longer novel. Economic justification appears 
favorable, particularly if a dollar value is assigned to increased safety, 
and firm commitments have been made to place digital control com- 
puters at the helm in accomplishing operational, managerial, and cus- 
todial functions for new generating units. 

The success of these installations depends, however, on a clear de- 
lineation of the tasks to be accomplished in running a plant, which 
tasks the computer control system can perform, and then a study into 
exactly how the computer can effect the necessary actions. As an exam- 
ple of a detailed computer program for automatic operation, the author 
describes just one of the computer’s many jobs: cold startup of a 


coal-fired generating unit. 


WILLIAM A. SUMMERS 


Ebasco Services, Inc. 


The control system for the automatic electric 
generating station, using a master digital computer 
directing subloop analog controls, is shown in Figure 
1. A request to start or stop the plant or to change 
load or reactive will enter through the master com- 
puter controller. The computer extracts from its 
memory the proper actions to be taken—after con- 
sidering the plant dynamics—and generates the neces- 
sary start-stop commands for plant auxiliary equip- 
ment and the temporary or normal setpoint or other 
signals to the major analog subloops. The subloops 
continuously control important plant variables like 
governor position; combustion; feedwater flow; and 
steam, hydrogen, and oil temperatures. 

The scanned results are evaluated by the computer 
to see that the instructions are properly carried out. 
The computer will print operating, performance, and 
historical information and records of external re- 
quests and uncontrolled variables changes and of 
its own actions to meet such requests and changes. 
In addition, the computer will advise the human 
supervisor of any abnormal conditions with which it 
cannot cope. The automatic plant also includes a 
separate safety system to detect unsafe conditions 
and initiate automatic shutdown when necessary. 

When the computer detects an unusual deviation 
in a subloop controlled variable which cannot first 


be corrected within that loop, it will make compen- 
sating adjustments in other controllable loops. If 
that action is not sufficient, the computer will. re- 
move from service part or all of the offending sub- 
loop control and directly set the final actuator to a 
safe, but perhaps not the most efficient, position. 
If the computer detects a potentially unsafe operat- 
ing condition—before reaching the limits of the 
separate safety system and if computer internal 
checking shows proper computer action—the com- 
puter can initiate starting of alternates and orderly 
shutdown of minimum running equipment. 

Combustion control will be a continuous analog 
system, having the usual inputs and the cascading, 
fuel cutback, and minimumz-air features normally 
provided on conventional combustion control. How- 
ever, the setpoint signals for pressure, oxygen, and 
individual feeders will be generated by the master 
computer from stored programs and calculations. 
Furthermore, the computer will be programmed to 
adjust controller-mode settings (proportional, reset, 
and rate) as needed to produce optimum stability 
at the setpoints called for by the computer. 

The master computer will also control the effec- 
tiveness of the tie between the combustion, feed- 
water, steam temperature, and draft controls by send- 
ing feedforward anticipatory signals to these and other 
controls on receipt of load change requests. Since 
the computer will also calculate heat rate and coal 
quality, it can change setpoints and alter the inter- 
relations of the subloops to obtain optimum operat- 
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ing efficiency for uncontrolled [Hesirsectioe 
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conditions like load demand, am- 

bient air temperature, circulating- 

water temperatures, slag condi- ie 
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Cold 


Automatic plant startup a: 
The foregoing description re- Om 

viewed briefly the over-all task of Cold 

the master digital computer con- 

troller in operating the automatic 

generating station. However, suc- 

cessful realization of an automatic 

generating plant requires con- 

siderable time and effort in deter- 

mining those detailed procedures 

by which the computer will make 

operating decisions and execute 

the necessary actions in a man- 

ner that is orderly, safe, and effi- 

cient. 

The operating method is de- 
scribed by sequence and _ logic 
flow charts which are later re- 
written by computer programmers into computer 
language. The box details six primary functions 
performed by the computer. Attention to detail is 
mandatory. Determining the program is important 
and challenging, yet tedious and time consuming. 

To see how complex and detailed the computer 
program actually becomes, consider just one major 
function, that of cold startup of the electric generat- 
ing unit. Assume the plant has a coal-fired steam 
generator with oil for warmup fires, a steam-sealed, 
hydrogen and liquid-cooled turbine generator, and 
motor-driven major auxiliaries. Only an abbreviated 
version can be given here: first to be described is a 
simplified starting program, then a portion of the 
main starting sequence, and finally most of the 
sequence related to starting a coal mill. 

Figure 2 illustrates the simplified procedure for 
starting plant equipment. Preliminary processes, in- 
spection to determine that personnel are not inside 
the equipment, and release of equipment to com- 
puter control are performed by a human being. 
Then the computer initiates filling of necessary 
tanks and pipes. The turbine generator is placed 
on the turning gear to straighten the shaft. The 
furnace must be purged and warmup fires lighted. 
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FIG. 2. Simplified starting program 
for the automatic central station. 
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FIG. 1. The automatic generating station using 
a digital computer as the master controller. 


The turbine is then sealed, condenser vacuum es- 
tablished, and the machine rolled with steam. After 
reaching rated speed, the generator is synchronized 
to the power system and initial load picked up. 
The main coal fires are started, additional load 
picked up, and normal combustion and draft con- 
trol switched into service. The computer checks the 
instruments and controls all during startup. 


Main starting program 


The second half of the general starting sequence 
is shown in Figure 3. Prior to this, briefly, the 





SIX MAJOR COMPUTER ACTIONS FOR 
AUTOMATIC PLANT STARTUP 


The plant startup sequence proceeds as directed by 
the computer’s stored program. However, for each 
succeeding step to occur, certain conditions as to the 
magnitude of plant variables and the state of plant 
equipment must be met. Thus, at appropriate times 
the computer will also call for measurement to de- ° 
termine values of significant continuous variables 
and of opened or closed position of signal contacts 
as from a bearing-oil pressure switch. Sometimes 
starting sequence continuation depends on a caleula- 
tion. Furthermore, the computer subjects measured 
and calculated values to a reasonableness check to 
prevent a possibly unsafe action based on instrument 
or computer errors. The computer also makes logical 
decisions as, for instance, a coal feeder will not be 
started unless water is flowing to the mill-oil cooler 
AND the oil temperature is between 50 and 90 deg 
F. Successful completion of operating action permits 
the sequence to proceed. 








computer has commanded and has been assured that 
all necessary steps have been taken preparatory to 
firing the boiler for warmup; ignitors turned on; 
oil guns inserted, lighted, and proved; machine roiled 
with the starting governor; and lube oil temperature 
and hydrogen cooler and stator-oil coolers placed 
on control. 

Then (Figure 3), the turbine trip is actuated (with 
steam flowing) to check its trip function. After 
resetting the trip, the machine is returned to starting 
governor control and the programmed increase con- 
tinues. Exciter voltage is checked at above one-half 
speed and the field breaker closed. In the mean- 


time the first coal pulverizing mill should be warmed 
up, and by this time the boiler pressure will be high 
enough to require starting a feed pump. 

At normal speed the oil trip is tested and reset. 
Synchronizing the generator output to the power 
system is accomplished by a subloop and checked 
by the computer. When the generator breaker 
closes, the master computer increases the governor 
setting to minimum stable load. This load is held 
while the first coal feeder is started and coal ignition 
checked. The turning gear and auxiliary oil pump 
are placed on automatic, the heater drain pumps 
started, and extraction line drains closed. 


FIG. 3. Part of general plant starting sequence. 
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FIG. 4. Starting a coal mill. 

















The auxiliary electrical equipments are transferred 
to the auxiliary transformer. The initial pressure 
regulator is cut in service when its setpoint is reached. 
Then load pickup continues to the range where 
normal combustion, feedwater, and steam tempera- 
ture controls can be placed on automatic, but—if at 
this stage of sequencing their setpoints have not been 
reached—the master computer will instead program 
the further rise in setpoints with all subloops on 
automatic. Dust collectors and ash removal systems 
are now placed on the line. When sufficient coal 
fire is attained, the warmup and stabilizing oil guns 
are shut off and removed, and soot blowing is placed 
on automatic. 

As load is increased by dispatcher command, the 
master controller then warms up, starts, and feeds 
other mills. Additional fans, boiler circulating 
pumps, boiler feed and condensate pumps, and circu- 
lating water pumps are started as required. 


Starting a coal mill 


The major portion of the program for starting a 
mill, Figure 4, details some of the intricate functions 
accomplished by the master digital computer. This 
program illustrates one of several ways to start a 
Raymond coal mill, assuming that at some previous 
time the warmup oil guns and ignitors have been 
lighted and thus should be burning. All running 
equipment is continually verified by the computer. 

The master will start scanning the associated watts, 
pressures, temperatures, and switch positions; will 
check for coal in the silo; and check to see that the 
mill to be started is one for which an oil gun (for 
coal ignition) has been provided (AND is NOT un- 
available for use) OR that its burners are adjacent to 
those of a mill which is already burning coal. If 
neither condition exists, another mill will be selected 
to start. If the “gun” condition is met and the ignitors 
associated with the oil gun are on, and there is a main 
oil fire and there is sufficient warmup oil flow to 
ignite the coal, the program will proceed. If insuff- 
cient oil is flowing, the program will raise the set- 
point of the oil flow control (and associated air) 
until sufficient oil is burning. 

Ignitors associated with the coal nozzles will then 
be energized and checked. At least three of the 
four ignitors in each furnace must be on to proceed— 
without human intervention. The silo gate and 
feeder slide gate are opened. However, if both gates 
do not open, the gate-opening procedure will be 
tried again; and if this is not successful, the gates are 
closed, an alarm is sounded, and the program seeks 
another mill to start. When both gates open, then 
the mill oil-cooler water valve opens, and a check 
is made to see that the water is flowing and the oil 
temperature is between 50 and 90 deg F. 

If coal is not already being fed to the furnace, the 
furnace draft control will be gradually set to minus 
1 in. water gage pressure and a measurement made 
to verify whether this condition is obtained. If 
some other mill and feeder is running, the draft 
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will be gradually set to minus 4 in. and checked. 
The burner cocks will then be opened and note made 
if mill pressure becomes slightly negative. Secondary 
air dampers are set to their starting position, the 
exhauster discharge set to 50 percent, and the com- 
puter memory interrogated to see if the mill was 
empty when last shut down. If the mill was empty 
when last stopped, the mill circuit breaker will be 
closed, and the associated variables scanned for 
corrective actions. 

However, if the mill was stopped with coal in it, 
the program will “branch” into a subroutine pro- 
gram causing the mill to empty by “bumping”. 
The coal feeder is still off. ‘This subroutine will 
start the mill as well as the high speed scanning of 
furnace draft, burner pressure, and mill watts. As 
soon as burner pressure builds up, a time delay will 
be set, mill watts checked for above-normal run- 
ning value, and the furnace pressure checked for 4 
to 1 in. positive pressure. If furnace pressure has 
reached this high limit, the mill circuit breaker is 
tripped, the draft allowed to return to minus | in., 
and then the operation is repeated. This bumping 
operation will continue until the mill does mot 
produce unusual positive pressure before mill watts 
have returned to the value associated with an empty 
mill (after the starting current surge), in which case 
the mill will be permitted to run. 

However, in this subroutine if after energizing the 
mill the furnace pressure goes appreciably negative 
instead of positive, it would indicate that the coal 
just admitted has smothered the ignition fire. ‘The 
computer would trip the mill and all other fuels 
and then initiate a purge cycle. When the mill 
is started and the furnace pressure does not go 
significantly positive or negative even after time 
delay greater than an empty mill would cause, the 
flame detectors will be checked. If they also show 
an adequate fire, the mill will be permitted to run. 

The balance of the mill and feeder starting pro- 
gram, not shown, includes opening the blast gate, 
setting mill temperature control, setting feeder to 
starting speed, seeing if main program wants coal fed 
into the furnace, and then starting feeder. 

The preceding partial program for coal mill startup 
represents only a fraction of the total program for 
automatic central station operation. No wonder 
many man-years are needed just to delineate the 
operating method for computer control of the en- 
tire generating unit in sufficient detail to permit 
translation into a computer program. Even then it 
would be foolhardy to believe that initial programs 
are optimum. A shakedown period is required to 
tune the program to actual equipment characteristics 
and operational requirements. Fortunately, the flex- 
ibility of the stored-program digital computer makes 
program changes easy—even after installation. 

REFERENCE 
CENTRAL STATION CONTROL—AUTOMATIC STARTING, 


W. A. Summers, 2nd annual ISA National Power Conference, 
Kansas City, Mo., May 11-13, 1959. 
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Discrete piece production presents something of a reverse trend to the 
encompassing scope of automatic systems described in the preceding 
two sections Because in the major part of the metalworking indus- 
try production runs are small, individual machine tools under human 
guidance remain the basic manufacturing means. Recently the con- 
cept of numerical control has received wide attention as a means for 
automating individual machines. Tape controls are unquestionably 
coming into use; but at what rate and on what types of machines? 
The year 1960 is a propitious time for finding the answers to these 
questions directly. This month the once-every-five-years Exposition 
of the National Machine Tool Builders Association takes place in Chi- 
cago. Traditionally, this is the showplace of the latest in a metalwork- 
ing techniques. To preview the Exposition CONTROL ENGINEERING 
Associate Editor Cooney visited the plants of over 50 machine tool 
companies and was privileged to share some closely guarded secrets. 
Herewith is his status report on automatic metalworking. 











JOHN D. COONEY, Control Engineering 


Handicapped by unrealistic tax rules on depreciation, 
demoralizing feast-or-famine sales curves, and conserva- 
tive management, the machine tool industry has been 
historically slow to change. Its progress from lineshaft 
drives through machinery electrification to transfer- 
type automation moved sluggishly over a span of many 
years. Now in this most unlikely of climates comes an 
almost overnight change—to numerical control. 

An observer on the metalworking scene is likely 
to take this news casually, since 1960 is an Exposition 
year and a bit of a splurge on punched tape might well 
be expected. But in the quiet away from Chicago he 
can never suspect that a revolution has actually taken 
place. Only the clacking tape readers, the spinning 
tool changers, and the X-Y-Z gyrations of the cutting 
tools on literally hundreds of machines on the Amphi- 
theatre floor can lead to full understanding of what the 
control engineer has wrought in metalworking. There 
visitors will find more new machines and more new 
control systems than were ever before revealed during 


the long history of the National Machine Tool. Build- 
ers Exposition. 

In retrospect the reasons for the dramatic and sudden 
upgrading of machine tool technology are logical and 
clear. First, many good tape systems are now available; 
and control builders, having begun to taste sweet profits 
after years of shelling out research and development 
money, are pushing hard to sell them. Then too, 
machine tool builders have become willing prospects, 
seeking some innovation that could possibly spark sales 
and raise the industry to better levels of operation. 
Some of their group, who early saw the potentials of 
numerical control, have already enjoyed a tape-triggered 
business upturn. Lastly the economic benefits of 
numerically controlled metalworking are becoming well 
documented so that interest is turning to enthusiasm 
at the user level. 

For numerical control the unveilings of September 
1960 are the culmination of a long, hard climb from 
the modest beginning made at the 1955 exhibition, 
which featured only a few tape systems that were a 
serviceman’s nightmare to keep running. Curiously 
enough, few of the other control novelties introduced 
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at the time have had nearly as much success. Elec- 
trolytic machining has become widely used as has in- 
process gaging which will be routinely displayed as 
standard equipment on grinders. But the wired-in 
wiring diagram, which promised to relieve maintenance 
headaches, has met with little success and will not be 
seen this year. Nor will statistical quality control tech- 
niques applied to in-process feedback gaging. Minia- 
ture relays have fared a little better, being used on 
several panels in show machines. The most notable 
casualty among promising machine tool control com- 
ponents is 1955’s star, magnetic amplifier static switch- 
ing. ‘Transistor switches will be seen in profusion 
(notably in tape control circuitry) but the magamp 
will be hard to find. 


Tape trends 


In point of numbers, machines of the drilling and 
boring classification rank Number 1 in the lists of 
numerically controlled machines. Despite the large 
ratio of control cost to machine cost, drilling machines 
have found extremely good user acceptance. Machine 
builders are now offering a wide range of capacities 
both in spindle horsepower and in swing. Several 
machines are equipped for control of spindle depth as 
well as the X and Y table movements. Several manu- 
facturers have added turret drills to their lines, one 
having a tape-programmed turret with 32 tools. 

In the tool-changing “manufacturing machine” 
category, several new designs have joined the now- 
famous Milwaukee-Matic. A huge version of the lat- 
ter, with workpiece size capacity doubled in all axes, 
is now available. The area of greatest divergence in 
the design of these machines is in the approach to 
tool changing. Some favor completely automatic 
changing, while at least one skirts the difficulties some- 
times associated with this feat by programming a “tool 
presenter” and requiring the operator to do the actual 
changing. Tool capacities, too, vary widely. Fosdick 
has designed a 100-position tool magazine, while Natco 
is sponsoring a machine having two spindles and two 
tool changers. __ 

The milling machine story seems to center around 
new control systems. Minneapolis-Honeywell marks 
its entry into the field with a three-axis point-to-point 
control applied to a Famco mill. The most unique 
feature of this system is the use of binary-coded cams 
and an optical scale for coarse and fine feedback. As 
far as path control is concerned, Bendix and GE have 
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launched two completely new systems designed to 
overcome the difficult programming and high cost 
which have stifled the acceptance of tape controlled 
contouring. Both controls are radically different from 
the original versions marketed by these companies and 
are capable of both linear and circular interpolation 
without the use of separate directors. 

The biggest story by far in automatic metalworking 
in 1960 is in the application of tape controls to turn- 
ing processes. After Jones & Lamson’s introduction of 
a tape controlled turret lathe at the 1955 Exposition, 
little further effort was expended in this country to get 
practical equipment in users’ hands. Now, J&L has 
available a highly refined numerically controlled lathe, 
for which Boeing has developed an IBM computer 
program aimed at solving the tool collision problem 
inherent in all multislide turret machines. In addi- 
tion, Warner & Swazey and Gisholt have completed 
lathes which differ from conventional machines to 
such an extent that they are practically hybrids. Both 
feature continuous path control in four axes making 
possible unheard of feats in metalworking, such as the 
simultaneous finishing of interior and exterior surfaces 
of thin conical shells. 


Unresolved questions 


Now that the control engineers have finished their 
seven-day-a-week efforts to get their new machines be- 
fore the public, they must wait to see what effects their 
work will have. It is anyone’s guess as to whether or 
not the metalworking industry will react immediately 
and match the headlong plunge of the machine tool 
builders with a storm of purchase orders. The second 
big question concerns reliability, which in systems to 
date has been something less than perfect. If tape ma- 
chines go onto the production floor in the hoped-for 
numbers, the reliability of tape controls in particular 
(and perhaps of complex industrial controls in general) 
is destined for a severe trial. 

Another stimulating point of conjecture concerns 
what control engineers will find as they leave their own 
display areas and begin peering into the control cabinets 
of competitors. A massive, crash design effort such 
as this has been for the machine tool industry can sel- 
dom be carried out without some degree of hasty im- 
provisation—and possibly infringement. The intrigu- 
ing prospect of what could happen is summed up 
humorously by one control engineer: “After the show, 
watch the law suits start!” 


DRILLING AND BORING MACHINES 


LAPOINTE-NORDEN 


The Lapointe Machine Tool Co. 
has developed a tape controlled Uni- 
versal Hole Positioner having a 57-in. 
diam rotary table mounted on a cross- 
slide. The machine is of double col- 
umn design with a power operated 
elevator for the spindle cross rail. 
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Spindle has capacity for 3-in. holes in 
l-in. stainless steel. The maximum 
clearance between spindle nose and the 
table top in the full forward position 
is 48 in. With tape control of table 
and cross rail, the machine can auto- 
matically drill, tap, ream, or bore any 
hole pattern up to a maximum 60-in. 


bolt circle. It is also capable of scal- 
lop, rotary, face, or end milling by 
operating spindle and table through 
automatic fixed-increment indexing or 
pushbutton control. 

The two-axis control is the analog 
version of Norden’s numerical system, 
which employs linear-output synchros 
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(Decasyns) for feedback. These syn- 
chros are coupled to the precision 
worm and gear drive mechanisms and 
produce sawtooth signals rather than 
the usual sine waves, which are indica- 
tive of table position. Numerical input 
is through either standard 1-in. 
punched tape or banks of selector 
switches on the panel. Table index 
and spindle traverse are powered by 
90-watt servomotors for tape control 
and by separate de gear motors for the 
other control modes. Table speed is 
200 deg per min, while the cross rail 
moves at 150 in. per min. Indexing 
accuracy is plus or minus 6 sec of arc. 


BURG-HUGHES 


Burg Tool Co., which to date has 
probably sold more numerically con- 
trolled machines than any other firm, 
and Hughes Products have teamed up 
on the design of the latest version of 
the Burgmaster turret drill press, Fig- 
ure 1. Feature of the development is 
the addition of the tape control of 
spindle depth to the usual X and Y 
table positioning. For the latter the 
control makes use of the standard 
Hughes incremental system announced 
last year. ‘Tape data presets a transis- 
torized flip-flop register for each axis. 
Then table movement begins, con- 
tinuing until the stream of pulses fed 
back from photoelectric choppers 
has counted the register down to zero. 
For the Z-axis control, however, 
Hughes has incorporated a magnetic 
scale for position determination. 

The magnetic scale transducer offers 


about the same accuracy of measure- 
ment as the photoelectric choppers, 
but at less cost. The transducer con- 
sists of a series of etched lines on a 
14-in. long metal bar. A magnetic de- 
tector, consisting of two U-shaped 
Permalloy loops in a ferrite block, 
rides on the bar. Its permeability va- 
ries as it moves across the lines so that 
an ac output with peaks occurring at 
0.002-in. intervals is obtained. To 
increase resolution to 0.001 in., 
Hughes employs two such detectors, 
one trailing the other by 90 electrical 
deg. This arrangement also makes the 
transducer direction sensitive. 

The Z-axis control incorporates two 
electronic counters, one of which is 
preset for the total depth that the 
spindle is to move. The second coun- 
ter determines the distance that the 
spindle moves at full rate of feed be- 
fore switching to a lower rate. The 
dual counters make possible extremely 
flexible programs of spindle movement 
including rapid approach of tool to the 
work, a slower feed into the hole, a 
creep stage as full depth is neared, 
dwell at the bottom of the hole for a 
finishing operation, rapid retract with 
no dwell, and retract at full feed rate. 

The complete three-axis control for 
the Burgmaster costs approximately 
$24,000. This figure tadladiee a con- 
trol console, tape reader, measuring 
transducer, and two dc drives. 


SIBLEY—MICRO-PATH 


In contrast to the headlong plunge 
of most drill manufacturers into tape 


FIG. 1. Turret drill is first application of Hughes three-axis tape control. 


control, at least one builder is taking 
a more moderate approach. The Sib- 
ley Machine and Foundry Corp. is 
exhibiting an entirely new drilling 
machine equipped with a Model 2A 
two-axis positioning table manufac- 
tured by Micro-Path, Inc. The con- 
trol has decidedly limited flexibility— 
but cost is very low (about $10,000 
including table). 

The machine features a 40-in. swing 
made possible by a massive cast col- 
umn specially stiffened to permit out- 
board mounting of the spindle. A 
3-hp drive motor provides 16 spindle 
speeds through a gear box. 

The Micro-Path system is a type of 
record-playback control that uses steel 
tape stretched along each axis of the 
table as the recording medium. Ini- 
tially the table is moved manually to 
the required hole position. At each 
position a solenoid-operated punch in- 
dents the tape. During subsequent 
operations, precision switches sense 
the indentations and send a signal to 
the control relays each time a hole lo- 
cation is reached. 

While the system provides accurate 
control of position, it relies extensively 
on manual control for all auxiliary 
operations. Of particular interest is 
the way that the standard table con- 
trols are supplemented to improve 
versatility. Sibley equips the machine 
with a special control panel built into 
the column. The panel contains a 
window through which the operator 
views a line of instructions carried on 
a continuous roll of 8-in. wide paper 
tape. These instructions include oper- 
ation number, table position, type of 
tool, directions of the next movement, 
and required speeds and feeds. In ad- 
dition to the printed messages, spaces 
on the line are colored in conform- 
ance with the signal lights mounted 
above the viewing opening. By com- 
paring the pattern of lights with the 
colored spaces, the operator can de- 
termine whether or not the machine 
cycle is proceeding according to plan. 


CLEEREMAN-ALLEN BRADLEY 


A layout drilling machine made by 
Cleereman Machine Co. is the first 
application of Allen-Bradley’s new 
three-axis point to point positioning 
system. The control is completely 
transistorized, except for the buffer 
storage and command-voltage gener- 
ating sections, which employ electro- 
magnetic relays. Position feedback de- 
vices include synchros geared to the 
leadscrews for all axes plus Inducto- 
syn scales for X and Y motions. Dc 


CONTROL ENGINEERING 





adjustable speed drives power the X 
and Y movements, while the vertical 
motions are clutch controlled. 


GIDDINGS & LEWIS 


G&L comes to the Exposition with 
several new machines in the drilling 
and boring and the milling classes 
plus a brand new point-to-point posi- 
tioning system. Key feature of the 
latter is that it is a universal package 
as far as G&L machines are concerned, 
capable of feeding continuous servo 
drives for high accuracy, moderate load 
systems; clutch-type drives having in- 
dependent X and Y motors for power- 
ing heavy milling cuts; and dependent 
clutch servos where a single drive 
motor handles both X and Y motions. 

The No. 3 jig borer and milling 
machine picture in Figure 2, for ex- 
ample, is equipped with two-axis tape 
control with a dependent clutch drive. 
Input is standard l-in. punched tape 
or 10-position dials on the control 
panel. On some of G&L’s biggest ma- 
chines, such as the Kaukauna _hori- 
zontals, the control panel has been 
relocated from the floor cabinet to the 
elevating platform on which the op- 
erator stands. Saddle depth can be 
regulated by means of a drum with 12 
adjustable stops, which is indexed 
from the tape. Another featured ma- 
chine is a Cincinnati Bickford drill 
with a two-axis positioning table, Fig- 
ure 3, Although the table control 
is the standard G&L system, it feeds 
into independent magnetic amplifiers 
and 100-watt Diehl servomotors. 
Separate 3-hp ac motors are clutched 
in for rapid tranverse, an extremely 
high 360 in. per min. Operator con- 
trols include full-range zero offset ad- 
justment and an axis reversing switch 
which permits “flipping” tape data 
for mirror-image parts. 

The new control uses the Induc- 
tosyn linear resolver plus four other 
conventional resolvers for multispeed 
feedback. In positioning, control is 
switched progressively from the coarse 
resolver through the medium units 
to the scale. For continuous servo 
drives, conventional nulling techniques 
are employed to eliminate the error 
signals. In the independent clutch- 
motor type drives, the resolver-select- 
ing switches actuate combinations of 
control clutches for multiple gear 
trains, establishing a five-step slow- 
down pattern. The most ingenious 
capability of the system is its control of 
these clutches when only one motor is 
used and it is required to position dif- 
ferent distances in each axis, A logical 
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FIG. 8. 

Tape controlled two- 
axis positioning 
table is capable of 
8360 in. per min trav- 
erse speed. 


switching network solves this problem 
by delaying motion in the axis with 
the smaller position error until the 
motion along the other axis enters 
the same speed range.* 


FARRAND-RELIANCE 


Continuing to exploit the highly 
successful Inductosyn scale, Farrand 
Controls, Inc. has completely over- 
hauled its original control system. 
Transistors now perform all amplify- 
ing and switching functions except 
address and number distribution 
which still require stepping switches. 
Modular plug-in construction is used 
throughout, even for the computing 
transformers that supply the sine- 
cosine command voltages. Steppers 
are also mounted on easily removed 
modules which include the Nixie tubes 
used for digital display. The entire 
control for three axes measures only 
24 x 24 x 38 in. 

The new system incorporates two 
important contributions to the nu- 
merical control art. The first is a 
new tape reader which converts binary- 
coded decimal tape data into straight 
decimal directly. This eliminates the 
need for the extensive switching-ma- 
trix decoder usually needed. Decoding 
is done mechanically by a crossbar- 


* For a full description of the circuitry 


involved, see “Single Time-Shared 
Drive Positions Two Axes” by George 
W. Younkin, Conrrot ENGINEERING, 
August 1960. 


FIG. 2. Dual-purpose G&L 
control is suited for use 
with either fast response 
clutch servos or continuous 
drives for high-accuracy 
machines such as this hori- 
zontal jig borer. 


like system of levers actuated by the 
reading fingers. The tape employs a 
tab sequential format for simple pro- 
gramming. Commands for X, Y, aux- 
ilaries, etc. appear in a fixed order, so 
that the programmer need only depress 
the Tab key on the tape punch to 
separate the commands. 

The most important Farrand an- 
nouncement concerns the development 
of a multispeed Inductosyn scale, 
wherein two coarser windings are su- 
perimposed on the fine pattern, Here- 
tofore, of course, the Inductosyn re- 
solver measured movements less than 
0.05 in. and two or more conventional 
resolvers had to be geared to each axis 
to bring the moving member within 
the range of the scale. 

The Reliance Electric & Engineering 
Co. is marketing a system substantially 
identical to that just described. First 
application is on an Allen vertical drill- 
ing machine having 16 in. of con- 
trolled movements in the X and Y 
table axes. The three-axis system also 
programs the rapid traverse and down- 
feed movements of the spindle. Total 
spindle travel is 10 in. and resolution 
is 0.01 in. The resolution in X and Y 
is 0.001 in. 

A second Reliance system is em- 
ployed on a Lahr hexagonal turret 
drilling machine, Figure 4. The table 
is stationary, but the turret traverses 
90 in. in the longitudinal axis and 20 
in. in the transverse axis. De drive 
motors position the head along the 
X and Y axes at speeds up to 150 in. 





FIG. 4. Lahr drill features a 
new Reliance tape system 
(manufactured by Farrand 
Controls, Inc.) and a turret 
head that moves in two axes 


which consists, in essence, of a long, 
over a stationary table. 


per min. from tape commands. Tool 
selection is also programmed. 


HEALD 


A universal indexing fixture made 
by Heald Machine Co. features dial-in 
setup of index positions. The control 
makes it possible to divide 360 deg of 
fixture rotation into any number of 
equal increments up to 99. A torque 
motor drives the table, whose shaft 
carries a photoelectric encoder. As 
the shaft rotates, a moire fringe pat- 
tern interrupts a light beam causing 
pulses to be fed back to a transistorized 
counter. This counter is preset with 
a binary-coded octal number repre- 
senting the number of feedback pulses 
equivalent to the desired increment 
of index. The octal system provides 
adequate capacity for the highest 
counts possible in this application and, 
in addition, permits use of simpler 
circuits than those needed for full 
decimal counters. When he wishes to 
arrange the controls for a_ particular 
number of indexes per revolution, the 
operator refers to a chart which pro- 
vides counter settings equivalent to 
each number from 10 to 99. He then 
turns selector switches on the control 
to this equivalent. 


W. F. & JOHN BARNES- 
SQUARE D 


Two control developments of W. F. 
& John Barnes Co. are scheduled for 
introduction at Exposition time. The 
first is a circuit for “rejuvenating” 
defective limit switches. A common 
fault of limit switches exposed to cut- 
ting oils and coolants is deterioration 
of open circuit resistance. Metal fil- 
ings in solution actually “print” in- 
visible paths for leakage current. 
Present practice is to discard switches 
when leakage current is detected. The 
Barnes answer to this problem is to 


put a packaged electrical network in 
tandem with each limit switch. This 
close differential can recognize the dif- 
ference between closed-contact and 
open-circuit resistance even when leak- 
age currents are appreciable. Thus 
limit switch life is prolonged. 

The second Barnes accomplishment 
is a feedback transducer for numerical 
positioning systems. Square D Co. has 
been licensed to make the scale and 
apparently based the design of a new 
tape control system on its unique prop- 
erties. Figure 5A is a schematic dia- 
gram of an elementary transducer 


hollow tubular core carrying a primary 
winding. The extreme ends of the coil 
are connected to the same side of an 
ac line. The opposite side of the line 
is tapped into the center tap on the 
primary. The transducer secondary 
consists of a shorter helical coil wound 
on a hollow core which moves con- 
centrically over the primary. As the 
secondary slides over the primary, its 
output voltage varies as shown and 
undergoes a reversal in phase at the 
midpoint of the primary. 

Because a device with only one null 
point is not very useful in position 
measurement, the practical version of 
this scale actually has many points. 
In the version of Figure 5B, the ends 
of the primary coil are again con- 
nected to one side of the line. The 
second side of the line is connected 
through a selector to taps located pre- 
cisely 1 in. apart. Thus the selector 
switch serves as a coarse positioning 
control since it shifts the null to any 
one of the l-in. markers. As it moves 
over the chosen tap, the output volt- 
age of the secondary coil behaves as 
shown in Figure 5C. The ampli- 
tude and phase of this voltage can be 
used for control of fine positioning to 
a resolution of 0.001 in. 
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FIG. 5. 
Schematic drawings 





— show operation of 
measuring scale de- 
veloped by W. F. & 
John Barnes Co. 
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DENISON 

A hydraulic servo has reduced the 
many adjustments and stop settings 
usually associated with press setup 
operations to the changing of a single 
cam. This feature distinguishes the 
new 25-ton metalworking press intro- 
duced by Denison Engineering Div. 
Rate, length of stroke, bottoming 
point, and speedstroke profile are all 
controlled by means of the servo. 

The press ram is driven directly by 
a double acting hydraulic cylinder 
mounted at the top of the structure. 
A servovalve controls the flow of oil 
into the main cylinder. The servo- 
valve spool is linked to a cam follower 
that rides in contact with a motor 
driven cam. As the valve spool is 
stroked back and forth by the cam 
follower, the action of the main ram 
exactly duplicates that of the spool. 
The press speed is adjusted by chang- 
ing the speed of a small electric mo- 
tor driving the camshaft. The absence 
of dog operated valves on the ram 
and the stiffness of the hydraulic 
servo combine to raise the speed 
capabilities to 600 hits per minute. 
BEATTY 

Although the press or punch field is 
not considered a prime market by 
builders of numerical control systems, 
an application of a tape unit has been 
made to a 200-ton guillotine beam 
punch with good results. Beatty Ma- 
chine and Mfg. Co. is now produc- 
ing a tape controlled spacing table for 
feeding huge I-beams through the 
machines that punch rivet holes into 
the webs and flanges. The beams ride 
on conveyor wheels and are pulled 
through the punch by hydraulic 
clamps attached to a motor driven 
carriage, Figure 6. Normally the op- 
erator spots the beam under the punch 
by reading a steel scale mounted along 
the bed of the runout table and push- 
ing the carriage start-stop buttons. 
The new spacer table is equipped with 
a GE single axis control, with dial 
and punched tape input, that positions 
the beams automatically. ‘The tape 
can also be used to actuate solenoid 
valves and air cylinders that select any 
or all of the punching fixtures 
mounted on the machine crosswise to 
the beam. This, in effect, provides 
for locating holes in both X and Y so 
that any pattern can be produced. 

Certain characteristics of the table 
make it a challenging application for 
numerical control. First, it is required 
to handle beams as long as 50 ft. And 
the material weight varies from a few 
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PRESSES 
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FIG. 6. One-axis system positions 50-ft I-beam under hole punch. 


FIG. 7. 

Linear differential 
transformers and hy- 
draulic cylinders elim- 
inate the dangers of 
overloading in this 
mechanical press. 


pounds per foot up to 300 or more Ib 
per ft. Offsetting these wide shifts in 
load are the modest accuracy re- 
quirements of plus or minus ‘ in. 
A 3-hp Ward Leonard drive powers 
the carriage at 53 ft per min. 


DANLY 


Builders of the big stamping presses, 
such as that in Figure 7 manufactured 
by Danly Machine Specialties, Inc., 


have added considerably to the con- 
trol content of their machines. Danly 
has adopted servocontrol for position- 
ing the slide over the press bed during 
setup and die changes. A potentiome- 
ter geared into the elevating mech- 
anism feeds back signals on slide 
position to a_ transistorized error 
amplifier, Output of the latter either 
energizes a relay for a constant speed 
positioning motor or regulates the 





AUTOMATIC METALWORKING 


output of a rectifier panel for an ad- 
justable-speed drive. Accuracy of 
the system is plus or minus 0.004 
in. The same press is equipped with 
hydraulic overload protection to elim- 
inate one of the most prominent 
causes of machine and die failure. The 
load regulator consists of hydraulic 
cylinders interposed between the me- 
chanical cranking system and the 
slide. The cylinders transmit all work- 
ing forces to the die and are filled 
with oil under carefully regulated pres- 
sure. When the limits of the ma- 
chine are exceeded, pressure switches 
act to dump the hydraulic pressure 
and stop the operation of the machine. 
Danly has also developed a load 
indicator for use in connection with 
the overload protection. The indi- 
cator consists of a linear differential 
transformer which is tied to the force 
transmitting sections of the press. 
The transformer output voltage, which 
is proportional to the strain in the 
structural members, is transmitted to 
a bank of 10 neon lamps, each of 
which is biased by a different voltage. 
As transformer voltage rises, it progres- 
sively overcomes the bias on one lamp 
at a time. Each lamp represents a 
range of loads so that the bank of 
lamps serves as a graphic indicator of 
load conditions at any given moment. 
Proximity switches have been incor- 
porated in the control system for quick 
die change presses to prevent opera- 
tion of the machine if the die carrier 
is not properly seated. The switches 
are of Danly’s own design, are ener- 
gized directly from a 60-cycle supply, 
and produce an output when the 
carrier is brought within 0.01 in. of 
their surface. Any tilt in the bolster 
due to chips, dirt, or other interfer- 
ence prevents at least one of the two 
proximity switches from delivering an 
output voltage to the interlocking re- 
lay, and the press cannot be started. 
The machine logic features com- 
pletely transistorized circuits which 
have sufficient output (4 amp} to di- 
rectly energize solenoid air valves for 
the main clutch. The transistorized 
logic includes the interlocking circuits 


tifiers. The drive for this press is a 
constant speed ac motor working 
through an eddy-current clutch. The 
design of this drive started with 
magamp controlled selenium rectifiers 
some years ago and progressed to sili- 
con rectifiers and now to the newest 
types. Two 4.7-amp silicon controlled 
rectifiers are connected in a full-wave 
bridge configuration and triggered by 
a Magnetics, Inc. packaged control. 


WIEDEMANN-SPERRY 


First of a line of turret punch 
presses designed specifically for nu- 
merical control is Wiedemann Ma- 
chine Co.’s Model A-15, Figure 8. 
The new 15-ton unit can consistently 
maintain a peak rate of 60 hits per 
min under tape control in contrast 
to the average rate of 30 to 35 hits 
per min achieved with manual con- 
trol. To withstand the increased 
duty cycles involved and to provide the 
mechanical stiffness needed for high 
performance servos, the machine is of 
massive construction, weighing three 


FIG. 9. Timing curves 
showing various steps 
in punch cycle. 


times as much as an equivalent man- 
ually controlled unit. The rapid tra- 
verse rate of the worktable is 600 in. 
per min in each axis and is produced 
by hydraulic cylinders controlled by 
Sperry servovalves. The cylinders are 
double ended, with rams extending 
from each side. 

Positioning in the Y or transverse 
axis involves movement of a high-in- 
ertia table. To provide the 600 in. 
per min traverse rate in this axis, the 
servovalve is paralleled by a four-way 
valve. For rapid traverse both valves 
are opened full; then as setpoint is 
approached, the four-way valve closes 
and the servovalve assumes propor- 
tional control. Acceleration and de- 
celeration rates can be adjusted by 
means of pressure relief valves in the 
feed and exhaust lines. The servo- 
valves are of the rotary type, having 
torque motors directly connected to 
the spindles. The absence of inter- 
vening linkages makes the valve less 
sensitive to temperature variations and 
machine vibrations. 


FIG. 8. Punch press is ca- 
pable of maintaining peak 
rate of 60 hits per min. 
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A Sperry two-axis system controls X 
and Y table movements as well as all 
auxiliary functions including indexing 
the 32-station turret. The feedback 
instrumentation consists of coarse re- 
solvers and a linear scale for fine posi- 
tioning. The scale is composed of a 
glass-mica stator and slider on which 
a series of fine lines are plated in the 
form of elongated hair pin coils. The 
two elements of the ae serve as the 
primary and secondary of a trans- 
former; when the slider is energized 
by an ac signal, the stator output is a 


NATCO 


The National Automatic Tool Co., 
Inc. is entering the field of multiple 
purpose tool-changing machines with 
two new models. The first is the fea- 
ture-loaded G. S. P.-Matic, Figure 10, 
which Natco distributes for Ateliers, 
G. S. P. of France. Its attractions in- 
clude two automatic tool changers, 
two we spindles, and three-axis 
tape control. The machine consists 
essentially of a spindle head sliding 
vertically on a massive column and a 
45 x 26 in. table designed for trans- 
verse and longitudinal movements of 
24 and 38 in., respectively. The head 
carries a heavy duty main spindle as 
well as a high speed spindle for opera- 
tions on smaller holes. The spindles 
are driven by an 8-hp motor sm 
a 16-speed gearset. ‘The capabilities 
of the machine include milling, drill- 
ing, tapping, and precision boring. 

Punched 35-mn movie film con- 
trols X, Y, and Z movements and all 
auxiliary functions including tool 
changing and spindle selection. In 
accomplishing the latter the system 
automatically compensates for the 
8-in. center-to-center distance between 
the axes of the heavy duty and high 
speed spindles. ‘The 10-channel 
straight-decimal tape code is scanned 
photoelectrically one line at a time 
and the resulting transistor-amplified 
signals used to energize logic relays. 
Manual controls on the main panel 
permit the operator to modify tape 
data for all three axes to compensate 
for tool wear, deflection, etc. Compen- 
sation is limited to the three least 
significant digits for any given position. 
The measurement of table position 
and tool depth is by means of turret- 
type gage rods, such as those used in 
certain types of jig borers for many 
years. Command data determines the 
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voltage that varies from maximum to 
null depending on the relative posi- 
tions of slider and stator. 

The main problem encountered in 
automating the punch press is the 
short time (1 sec) allowed for each 
punch cycle, which must include the 
many segments depicted in Figure 9. 
One of the main advantages of the 
Sperry system for this particular ap- 
plication is that the tape mechan- 
ism reads a whole block of data at one 
time rather than a line at a time. 
This makes possible the 100-millisec 


TOOL-CHANGING MACHINES 


readout time shown without the use 
of buffer storage. A cam coupled to 
the pneumatic-clutch controlled crank- 
ing mechanism triggers the reader for 
transfer and readout as soon as a hole 
has been punched and the die begins 
to withdraw from the work. Thus 
readout takes place as the die is being 
withdrawn to top dead center. An- 
other time-saving expedient is a sim- 
ple cam and relay logic arrangement 
that programs the turret to take always 
the shortest route to the tool called 
for by the tape commands. 


FIG. 10. Natco-sponsored manufacturing ma- 
chine has two spindles and two tool changers. 


selection and stacking of combinations 
of rods to provide the desired posi- 
tion. The table and spindle are then 
driven against these rigid stops so that 
system accuracy is completely inde- 
pendent of the leadscrews. 

Mounted on each side of the ma- 
chine is a drum-type tool carrier. The 
left hand unit contains up to 18 tools 
for the heavy duty spindle, and the 
right hand carrier stores as many as 
36 tools for the high speed spindle. 
Tools are stored in the horizontal po- 
sition. When a tool change is to be 
effected, the appropriate carrier in- 


dexes the desired tool until it is adja- 
cent to the spindle in use. The tool 
then drops into a vertical position, 
and an oscillating changer mechanism 
simultaneously grasps the new and the 


used tools. Then the changer re- 
verses direction, interchanging the 
tools in the spindle and carrier. 
Natco also is introducing a multi- 
purpose “‘tool-presenting”’ vertical spin- 
die machine of its own design. The 
tool presenter consists of a magazine 
that rotates under tape commands to 
bring a desired tool close to the opera- 
tor’s station. The operator himself 
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performs the actual tool change. Later 
versions of this machine will be avail- 
able with a tool changer. 

The 3-hp spindle drive provides a 
speed range of 50 to 3,000 rpm in 18 
geometrically progressive steps. The 
head is traversed by a hydraulic mo- 
tor through a precision ballnut screw. 
Similar drives are used for the 24 x 36 
in. table movements. The three-axis 
tape control system is made by Natco 
and employs coded disc feedback and 
electromagnetic relay logic. 


LUCAS—GE 


Another new form of hybrid tool- 
changing machine is the Lucas Versa- 
Tronic, Figure 11, which is a combi- 
nation milling, drilling, and boring 
machine. In design it resembles some- 
what the conventional planer-type 
vertical spindle miller, although it is 
not nearly so large. The Versa-T'ronic 
consists of a 24-ft bedway along which 
the table slides. Two columns at- 
tached to the bedway support the 
spindle crossslide. The 44n. diam 
spindle provides sufficient capacity for 
face milling cutters up to 14-in. diam. 
Maximum workpiece size is 132 in. 
long, 78 in. wide, and 72 in. high. 

A GE three-axis positioning system 
controls longitudinal table _ travel, 
crosswise travel of the spindle head, 
and spindle depth. The system em- 
ploys synchro feedback and a single 
20-hp ac servo drive motor coupled to 
all motions through electric clutches. 
Rapid traverse is 75 in. per min in all 
three axes. 

The automatic tool changer uses a 
a pigeon-hole magazine mounted di- 
rectly on the machine table or attached 
to its side. As many as 84 tools in 
the vertical position can be stored in 
this magazine. No tool carrying arms 
or mechanical linkages are required. 
Instead, tool location and pickup are 
accomplished through the three stand- 
ard motions under tape control. To 
select a tool, the X and Y coordinates 
of the tool in the magazine are pro- 
grammed onto the tape so the spindle 
moves over this point of pickup. 

An orienting control built into the 
spindle head causes the spindle to al- 
ways stop in the same angular posi- 
tion, so drive keys in the spindle line 
up with keyways in the tools. Key- 
ing between the tool and magazine 
maintains each tool in the proper an- 
gular position to match the spindle 
orientation. The tool is secured by 
a power tool lock and ejector built into 
the spindle. This arrangement con- 
sists of a draw collet specially designed 


to fit adapters on the tools. These 
adapters are screwed into the stand- 
ard threaded hole in the regular ma- 
chine taper arbor on each tool. The 
collet is cycled open to receive the 
tool and closed to wedge-lock it in 
place for use in subsequent operations. 


FIG. 12. 

Pratt & Whitney 
tape _ controlled 
table wedded to 
standard Milwau- 
kee-Matic. 


FIG. 11. 

Normal positioning 
controls serve the 
tool changer as well 
in this Lucas hybrid. 


The cost of the machine complete 
with tool changer and tape controls is 
about $150,000. 


KEARNEY & TRECKER 
As originator of the “manufactur- 
ing machine” concept, Kearney & 
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Trecker Corp. is continuing its efforts 
in this field with the introduction of 
the Milwaukee-Matic Model III. 
The design of the new machine is 
similar to that of the Milwaukec- 
Matic II which was made available 
about two years ago but can handle 
workpieces as large as a 3-ft cube. The 
earlier machine could accommodate 
only an 18-in. cube. A GE position- 
ing system controls the movements of 
the column (horizontal), saddle (ver- 
tical), table (transverse) and all auxil- 
iary functions. 

The automatic tool changer and a 
360-position indexing table are 
standard equipment. The tool maga- 
zine stores the same number (30) of 
individual tools as in the smaller 
machine, but their maximum permis- 
sible size is now 13 in. long, 6 in. in 
diam in contrast to the earlier limits 
of 74 in. long, 2% in. in diam. Tools 
are identified for selection by means of 
coded rings on the tool holders. A 
total of 961 different code patterns are 
available. The double acting tool 
change mechanism simultaneously in- 
serts the new tool into the machine 
spindle and returns the used tool to 
the magazine. Tool transfer is com- 
pleted in a few seconds. 

All three axes of the machine are 


driven by high performance hydraulic 
servomotors through hardened and 
ground gears fixed to recirculating 


ballnut leadscrews. A special feature 
of the numerical control system en- 
ables the machine to perform approxi- 
mate profiling operations in the X-Y 
plane (column and saddle). The con- 
trol uses a limited form of circular and 
linear interpolation to establish cut- 
ter paths along arcs and slopes. Arcs 
can be generated with radii ranging 
from 0.1 to 99 in. in increments of 
0.1 in. Angles are approximated with- 
in plus or minus 1 deg of true slope. 
The Inductosyn scale is retained as the 
fine feedback transducer. A_ pallet 
shuttle can be provided for transfer- 
ring workpieces into and out of the 
machine automatically. An additional 
tape reader is required for this mate- 
rials handling feature. 

Besides the Model III machine, 
K&T has developed a modified version 
of the smaller Milwaukee-Matic that 
incorporates a Pratt & Whitney rotary 
table, Figure 12. The 42-in. table 
employs the P&W standard numerical 
control system and Electrolimit gage 
blocks for measuring angular position. 
The P&W controls are integrated into 
the GE controls for the other axes and 
operate from the same tape reader. 
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FIG. 14. 
High-precision drill 
uses two-axis G.E. 
system. 


FOSDICK 


Almost four years ago The Fosdick 
Machine Tool Co. initiated develop- 
ment of the first fully automated jig 
borer, featuring tape control of table 
position and spindle depth plus auto- 
matic tool changing. Their new 
version of that machine (Model 54p, 
Figure 13) retains all of these features 
but uses radically different means to 
accomplish them, Fosdick’s turreted 
gage rods are still employed for feed- 
back of X and Y table position, but 
punched tape plus a North Electric 
crossbar storage and decoding network 
replace the IBM card reader. For 
depth control two gage-rod assemblies 
(one for measuring rapid traverse dis- 
tance, the other for depth of feed) 
have been added to the spindle. This 
arrangement substitutes for the origi- 
nal sonic detector (which controlled 
rapid traverse by determining when 
tool contacted the work) and the 
photoelectric digitizer and counting 
system (for gaging feed depth). To 
compensate for changes up to | in. in 
tool length, banks of potentiometers 
(one for each tool used during the 
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F1a. 18. 

Fosdick’s three-axis 
tape controlled jig 
borer is available 
with 100-tool auto- 
matic changer. 


machining cycle) are provided on the 
control panel for manual adjustment 
of depth. When a tool is chosen by 
the tape, the appropriate input poten- 
tiometer is connected to a separate 
potentiometer-feedback servoloop. The 
servomotor adjusts the position of a 
rod that forces the gage rods against 
the trip switch. 

Perhaps the greatest revisions have 
taken place in the tool changer. This 
is now a separate hydraulically pow- 
ered assembly mounted adjacent to 
the jig borer. A semicircular artay of 
pigeon-holes (five high and as many 
as 20 across) holds the tools in con- 
trast to the vertical-axis turret first 
designed. Maximum tool capacity is 
100, up from 30. 

The other machines exhibited by 
this firm for the September showing 
include a jig grinder with a two-axis 
Fosdick control and a radial layout 
drilling machine, Figure 14, having 
two-axis GE tape control, In addi- 
tion, Fosdick announces its entry into 
the turret-drill competition with a 
unit having the extraordinary turret 
capacity of 32 tools. The machine has 
a vertical turret axis. 
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JONES & LAMSON 


At the 1955 Exposition, Jones and 
Lamson Machine Co. exhibited one 
of the few numerically controlled 
machines on the floor—and the only 
tape controlled turret lathe. From this 
early start, J&L has progressed to a 
higlily refined machine, Figure 15, 
which makes parts completely auto- 
matically with preset tools. The lathe 
is equipped with a hexagonal turret 
plus front and rear square turrets. The 
crossslide, which carries the two 
square turrets, has a total travel of 13 
in. Both the hex head saddle and the 
crosslide carriage are capable of 24-in. 
movement along the bedway. All three 
movements can be positioned from 
the J&L-designed two-axis numerical 
control system, any two simultane- 
ously. ‘Tape commands also control 
the rotation of the turrets, the feed- 
ing of bar stock through the spindle, 
and the number of pieces of a given 
type that are produced. 

Kour-speed synchro clusters geared 
to the leadscrew for each axis are used 
for position measurement. These 
leadscrews are of instrument grade 
since they are not required to transmit 
thrust to the slides. The only load 
imposed on the screws is the shifting 
of the spools of servovalves, which 
control the hydraulic cylinders power- 
ing the machine motions. The logical 
sections of the system have been re- 
duced in complexity to such an extent 
that the use of reliable but costly 
mercury-wetted contact relays is prac- 
tical. The null detectors have been 
simplified to combinations of transis- 
tors and relays in tandem. 

The spindle drive is a 30-hp ac 
motor. ‘The hydraulic system for posi- 
tioning the carriage, crosslide, and 
saddle operates at 100 psi, while 500- 
psi oil is used to provide secure tool 
clamping and positive turret indexing. 
J&L has abandoned the 4-in., 32-chan- 
nel punched tape originally used for 
standard 1-in., eight-channel tape. 


PRATT & WHITNEY 


To provide some of the advantages 
of tape control at minimum cost, Pratt 
& Whitney Co., Inc. has included a 
modest form of system on the new 
Potter & Johnson automatic turret 
lathe, Figure 6. Formerly, this ma- 
chine featured a dog-type drum syn- 
chronized with the main drive motor 
to program feeds and speeds, turret 
index, clamping, etc. Now this drum 
has been replaced by a tape reader, 
which is also synchronized with the 
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main drive. Because it moves contin- 
uously, the tape serves as a timing 
control for all operations. 

On each continuous loop of 1-in., 
eight-channel tape are 600 sprocket 
holes representing one complete ma- 
chining cycle. A block of 100 holes 
is assigned to the operations per- 
formed by each of the turret faces. 
As a block enters the reader, the turret 
is indexed to the proper face and the 
machining conditions set up for the 
cut. The tape also controls position- 
ing of the turret slide to some extent. 
Although the turret slide always moves 
back and forth through a fixed dis- 
tance, it is desired to control the 
length of the rapid traverse infeed 
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FIG. 15. Sketch of Jones and Lamson tur- 
ret lathe with three controllable motions. 


motion before the slide drive is 
switched into feed. This is easily ac- 
complished because the tape move- 
ment is synchronized with the move 
ment of the turret slide. A number of 
rows in each block are assigned to the 
slide advance cycle, and by punching 
an appropriate row, the feed length 
can be selected. 


BULLARD-GE 


Regarded in some quarters as the 
originator of numerical control for 
machine tools, The Bullard Co. has 
already tasted the success that fully 
automatic programming can bring. 
When the jet engine program was at 
its peak, Bullard turned out Man-Au- 


FIG. 16. Punched tape has been substituted 
for dog-type drum in Potter & Johnston lathe. 
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Trol-equipped verticai turret lathes 
by the hundreds. Man-Au-Trol’s re- 
semblance to numerically controlled 
closed-loop servo drives can be seen 
from Figure 17. The drums shown, 
which are geared into the vertical and 
horizontal feedscrews for the turret 
head, consist of series of cams, each of 
which can be adjusted to control the 
length of one movement of the head. 
Cam switches energize solenoid valves 
to clutch or declutch the leadscrew 
drives. Two drums are assigned to 
each axis, one for coarse and one for 
fine positioning. In addition to the 
position drums, there are two program 
drums that index to control all steps 
in a machining cycle, including initiat- 
ing auxiliary functions and selecting 
individual cam discs on the position 
drums for controlling individual steps. 

Bullard’s newest version of the 
vertical turret lathe features a punched 
tape system to replace the drum-and- 
cam programmer. ‘The control is a 
GE two-axis system that duplicates the 
functions of the mechanical program 
mer. However, syncho feedback is 
substituted for the positioning cams 
and flexible punched-tape program- 
ming, for the cycle drums, which re- 
quire considerable setup time. 

Bullard has also developed a wide 
range (0-1,800 rpm) stepless drive 
for rotating the lathe worktable. The 
drive consists of a constant speed ac 
motor and a system of planetary 
differentials that are clutched in and 
out under electrohydraulic control to 
cover fixed portions of the range. The 
stepless action is provided by a small 
adjustable speed hydraulic motor 
coupled to the differential gearing. 
In any particular portion of the range, 
the hydraulic motor at first opposes 
the rotation of the output shaft. As 
more output speed is called for, the 
rotation of the hydraulic motor is 
slowed and then reversed so as to add 
to the motion of the main shaft. 
WARNER & SWASEY 

Probably the most revolutionary 
machine tool to appear in 1960 is 
the Warner & Swasey Co.’s Servofeed 
lathe,* which is available for manual 
control as well as with record-playback 
positioning, tape-input positioning, 
and continuous path control. Al- 
though it bears little resemblance to 


*A detailed technical description of 
this machine is contained in the arti- 
cle “Numerical Building Blocks Con- 
trol Turret Lathe”, Conrrot Enct- 
NEERING, July 1960. 
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FIG. 17. Programming and posi- 
tioning drums in Bullards Man-Au- 
Trol, regarded by some as the fore- 
runner of numerical machine-tool 
control. Bullard is now offering 
tape control on newest vertical tur- 
ret lathes. 


conventional equipment, as can be 
seen from Figure 18, the machine may 
be described as a turret lathe with one 
square and one pentagonal turret. 
Both turrets operate on crossslides, 
which are tilted up almost vertically 
to provide better accessibility and visi- 
bility for the operator, superior dy- 
namic performance, and improved 
chip disposal. The slides move on 
ways that are parallel to the spindle 
axis so that there is a total of four 
axes of motion. 

Even in the manual machine the 
toolslide leadscrews are driven by ad- 
justable speed dc servomotors con- 
trolled by high ee loops that 
include both velocity and current feed- 
back. Synchro driven dials on the 
manual control panel indicate posi- 
tions in all four axes. A unique fea- 
ture of this panel is that it is itself 
mounted on a slide and can be moved 
anywhere along the front of the 
machine to suit the operator. 

The positioning control is com- 
pletely digital. Prior to cutting a 
particular part on the machine, the 
complete tape for that part is run 
through the reader and its information 
stored in a magnetic core memory. 
During the operation of the machine, 
the memory—not the tape—is the 
source of all control commands. The 
memory consists of a 96 x 96 array of 
cores with capacity for 96 separate 
binary coded instructions each having 
as many as 96 bits. The feedback 
transducers geared to the leadscrews 
are photoelectrically read coded discs. 

The use of the core memory makes 
it possible to provide the record-play- 
back feature. At each step in the man- 
ual the cycle, signals from the position 
transducers and the operator’s controls 
are dumped into the memory directly, 
rather than from the tape. 


For contouring the control assumes 
the proportions of a combination abso- 
lute-incremental system. The heart of 
the contouring control is a linear inter- 
polator that converts tape commands 
relative to distance, direction, and 
speed to an equivalent stream of 
pulses. These pulses are used to set 
a bidirectional counter serving as an 
error register. Prior to starting a con- 
touring cut, the tool is brought to its 
zero position under absolute position 
commands supplied from the core 
matrix. Then a chain of subsystems, 
including the error register, digital-to- 
analog converter, and servoamplifier, 
energize the leadscrew drives. In 
this case also, position feedback comes 


FIG. 18. Warner & Swasey Servo- 
feed lathe has control console that 
can be slid along front of machine. 


from the same transducers which have 
the facility of serving both as shaft 
encoders (for positioning) and pulse 
generators (for contouring). 

The tape reader and logic assem- 
blies can serve only one head at a 
time. If both heads are required to 
contour simultaneously, two sets of 
readers and logic must be provided. 
As in other contouring systems, tape 
preparation involves the use of a gen- 
eral purpose computer for determin- 
ing cutter offset and maximum chords. 
Warner & Swasey has designed an 
IBM 650 program for this purpose. 

Portions of the basic contouring 
control have also been applied to a 
standard W&S 4-A turret lathe. The 
cross-sliding turret head of this 
machine is now capable of tape con- 
trolled contouring along two axes. 
Tape control is available, too, for 
standard 1AC single spindle auto- 
matics. In this case, however, the 
system is much less sophisticated, It 





consists merely of a tape reader and 
relay network that serves as a direct 
replacement for the mechanical pro- 
gram drum usually supplied. 


GISHOLT 


Credit for applying the widest 
variety of numerical control systems 
to turret lathes goes to the Gisholt 
Machine Co., which has made three 
completely different combinations 
available. The first is the standard 
Fastermatic automatic chucking lathe 
equipped with a Westinghouse Prodac 
tape control. The latter handles posi- 
tioning in one axis plus all program- 
ming functions such as tool selection 
and setting of spindle speed. The 
Westinghouse system is completely 
digital with decoding and counting 
operations handled by transistor NOR 
packages. For positioning, tape data 
presets the error register with a 
count equivalent to the desired mo- 
tion distance. As the slide is driven 
toward setpoint, a pulse generator 
geared to the slide acts to restore the 
counter setting to zero. 

A second Gisholt Fastermatic 
lathe has been fitted with a three-axis 
dial-in positioning control manufac- 
tured by Specialties, Inc. This system 
employs a combination of a drum-type 
programmer and a group of panel dials 
to establish the machining cycle. The 


drum carries a series of pre-punched 
keys such as those shown in Figure 19, 
which are read photoelectrically as the 
drum indexes. During setup the oper- 
ator selects applicable keys from a stor- 
age file covering every possible ma- 
chine function and inserts them into 


the drum. Position feedback is by 
means of linear transducers mounted 
along each of the three axes of motion. 
The transducer consists of a stainless 
steel housing and a movable core. 
The housing contains a number of 
windings so arranged that as the core 
—which is composed of alternately 
north and south magnetic poles— 
moves through it, a series of four 
linear voltages is produced. The same 
pattern of output voltages is repeated 
every 2 in. The transducer provides 
both coarse and fine position data. 
One dial on the panel is used to 
control each positioning step; which 
dial is in control at any given moment 
is determined by the drum program- 
mer. The dial supplies a coarse signal 
to a_ transistorized register which 
counts the voltage peaks generated by 
the feedback transducer. Within 4 
in. of setpoint, control is switched to 
the find command. The latter is a 


voltage delivered by a miniature rep- 
lica of the feedback transducer, which 
is mounted behind the control dial. 
The feed rates of the hydraulically 
driven tool slides are also controlled 
by individual dials on the panel. 
These dials regulate the amount of 
opening of motor-driven valves. 


GISHOLT-FACTROL 


Gisholt’s third numerically con- 
trolled lathe is a brand new machine, 


, Barn 


(ry 


FIG. 20. 

Gisholt lathe is ca- 
pable of simultane- 
ous contouring in 


FIG. 21. 

Schematic of Gis- 
holt’s Factrol posi- 
tion- measuring 
transducer. 


Synchronous 
four axes. motor 


Pickup coil 


FIG. 19. 
Programming tabs 
for numerical con- 
trol system built by 
Specialties, Inc. 


Figure 20, with two tool-carrying 
members: a four-position tool post on 
a universal tool past carriage and a 
hexagonal turret head also mounted 
on a universal carriage. The Factrol 
system employed on the machine is 
Gisholt’s own and is capable of con- 
tinuous path and rate control in all 
four axes simultaneously. It is basi- 
cally a phase analog control and re- 
quires seven-track magnetic tape in- 
put. All controls are built into the 


Permalloy 


Permalloy — 
core 


Output signal 
Meter bar ——— 
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machine itself; there are no external 
cabinets. The tool slides are driven 
by hydraulic cylinders regulated by 
servovalves. All electrical and hydrau- 
lic connections to the moving mem- 
bers are made through telescoping 
rigid tubing and manifolds so that no 
cables or hoses are visible on the oper- 
ating machine. 

Figure 2' is a schematic drawing of 
the position transducer, which con- 
sists of a measuring head mounted on 
the machine bed and a meter bar at- 
tached to the moving member. A syn- 
chronous motor drives a scanning 
screw at a speed of ]20 pitches per sec 
relative to the meter bar. As a result 
of this scanning action, a 120 cps volt- 
age is induced in the pickup coil. 
The phase of this voltage with respect 
to the voltage across the scanning 
motor terminals is a function of the 


GIDDINGS & LEWIS—GE 


The efforts of the metalworking 
industry to extend numerical path 
control to die-making operations now 
appear ready to pay off. Actually, con- 
trol systems capable of speeding die 
production have been available for 


some time. But machines and pro- 
gramming techniques were not. The 
major shortcoming of early tape-con- 
trolled machines was lack of sufficient 
rigidity for accurately milling hard 
materials at the speeds and feeds re- 


relative positions of screw and bar. 
The tape reader head employs a 
similar motor-driven screw to scan 
magnetic lines recorded in each of the 
four position tracks on the tape. If 
the lines are parallel to the sides of 
the tape, the 120-cps output voltage 
is in phase with the line voltage. 
When the lines are skewed to the left 
or right, however, the signal voltage 
undergoes a phase shift. ‘The skewing 
of the lines is effected by the tape 
preparation equipment; the amount of 
skew is proportional to the feed rate 
desired, and the direction of skew 
indicates slide direction. A phase dis- 
criminator continuously compares the 
command and feedback voltages. If 
any phase difference exists, the servo- 
valves are energized to move the slides 
in the proper direction. Because this 
is not an absolute system of measure- 


MILLING 


quired for economic justification. And 
because die making has always been 
something of a “black art”, it eluded 
reduction to the mathematical rela- 
tionships called for by programmers. 

G&L’s Model B-20 DiMil, Figure 
22, specifically designed for die sink- 
ing, is of extremely rigid mechanical 
design. In addition, it employs roller 
ways to provide minimum stick-slip 
characteristics for high response and 
double ballnut leadscrews in stiff, anti- 
backlash servo drives. The working 


FIG. 22. Giddings & Lewis path-controlled 


machine designed for die sinking. 
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ment, the action of the hydraulic 
servos must be locked in closely with 
the tape commands. A safety circuit 
is provided to monitor the phase dif- 
ference and open the servoloop if this 
difference exceeds a predetermined 
amount. 

A feature of the control is a unique 
method of position display which em- 
ploys a rotating drum graduated in 
0.001l-in. increments. This drum is 
illuminated by a stroboscopic light 
which is controlled by the phase shift 
of the measuring head. The drum 
rotates continuously at 3,600 rpm, and 
the light “stops” it at a position de- 
termined by the head output. 

The Gisholt 1L turret lathe, com- 
plete with four-axis control and a 
special purpose analog computer for 
tape preparation, carries a price tag of 
about $120,000. 


range of the Exposition model is 72 
in. vertical travel, 84 in. table travel, 
and 18 in. spindle movement. The 
milling feed range of the machine is 
0-60 in. per min, infinitely variable. 
The 32 spindle speeds cover 84-1,800 
rpm. GE’s three-axis magnetic tape 
control system is employed for path 
control. Each axis is provided with 
digital readout which is completels 
separate from the tape control. This 
readout is provided by motor-driven 
odometer-like counters tied to the 
leadscrews by a synchro loop. 


FAMCO—MINNEAPOLIS- 
HONEYWELL 


One of the greatest testimonials to 
the economic advantages of tape con- 
trol so far is the ratio of control cost to 
machine cost cited for the Famco 200 
vertical milling machine. This is a 
small unit with a 3-hp spindle drive, 
a saddle mounted table capable of 
transverse and longitudinal motion, 
and a knee (which supports the table 
and saddle) capable of vertical move- 
ment. The cost of the manual ma- 
chine is about $4,000; with tape con- 
trol of X, Y and Z axes it is expected 
to sell for near $30,000. 

The control is a sophisticated new 
point-to-point positioning system de- 
signed by Minneapolis-Honeywell. 
The input is l-in., eight-channel 
paper tape handled in a mechan- 
ical reader. ‘Tape data passes through 
a transistorized shift register into a 
buffer storage composed of banks of 
reed relays. The 30-in. table and the 
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9%-in. saddle movements are powered 
by hydraulic motors through ballnut 
screws. A hydraulic cylinder moves the 
saddle through 6 in., with an addi- 
tional 10 in. of manual saddle adjust- 
ment possible during initial setup by 
shifting the actuating cylinder through 
a leadscrew. Servovalves control the 
operation of the motors and the cylin- 
der. The table rapidly traverses 
at 200 in. per min. Table and sad- 
dle feeds are continuously adjustable 
from 4 to 60 in. per min and the knee 
feed from 0.15 to 15 in. per min. 

An especially unique feature of the 
Honeywell system is the design of the 
feedback transducers. Coarse posi- 
tioning is accomplished by means of 
a metal scale consisting of a group of 
tracks in parallel. The tracks are 
actually cam surfaces having a binary 
coded arrangement of rises and falls. 
The scale for the 30-in. table move- 
ment has 10 cam tracks. As the table 
moves, precision limit switches sense 
the rises and falls and deliver output 
signals representing table position in 
binary code. Fine measurement be- 
yond 0.1 in. is performed by a flat 
stainless steel scale mounted parallel 
to the axis of movement. The scale 
has a series of black lines 0.1 in. apart 
etched across its surface perpendicular 


to the axis. A light source and chop- 
per carried by the moving member 
illuminates the scale. The amount of 
light falling on a photocell varies as the 
cell passes over the light and dark areas 
of the scale. This variation is analyzed 
to achieve an electrical resolution of 


0.0001 in. The system for coarse 
measurement may be classified as dig- 
ital and that for fine as analog. 


Fig. 24. 

Gray planer-type milling 
machine has electronic lev- 
eling control of top rail and 
three-axis position readout. 


BROWN & SHARPE-GE 


A two-axis point-to-point position- 
ing system is made to assume the task 
of path control in the Brown & Sharpe 
Numericam, Figure 23. This is a 5-hp 
vertical knee-type milling machine 


especially designed for cutting. cam- 


grooves into cylindrical and conical 
surfaces. The Numericam uses a GE 
Mark II positioning system for con- 
trolling longitudinal table movement, 
the rotation of a workholding fixture, 
and the downfeed of the cutter. The 
cams are actually produced by drilling 
many holes closely spaced along the 
cam path. Typical cams require about 
700 individual points to make the 
milled path smooth enough. 


FIG. 28. Machine for contouring barrel 
cams uses only point-to-point control system. 


The speed of machining with Nu- 
mericam varies from about 10 points 
per min for a roughing cut to 16 
points per min on light cuts. Each 
machined point is specified by five 
digits for each axis, to a one hundred 
thousandth part of a circle for the rota- 
tional axis, and to 0.0001 in. for the 
table travel. Brown & Sharpe has de- 
veloped a program for the IBM 610 
computer to prepare the tapes. 


NEW ENGLAND MACHINE 


The Magnetrace automatic profile 
milling machine manufactured by The 
New England Machine and Tool Co. 
features a full 360-deg tracer control. 
The machine is equipped with a 5-hp 
spindle drive motor to provide the 
high metal removal rate needed for 
tracing speeds as high as 80 in. per 
min. Stylus deflection of 0.0002 in. 
activates table and crosshead drives. 

The tracing unit carries a spindle 
mounted on a ball pivot and free to 
swing in any direction. The lower end 
of this spindle holds a stylus the same 
diameter as the cutter being used. 
Any movement of the tracer spindle 
changes the gap length in. two spark- 
gap sensing elements located at right 
angles to one another. The voltages 
across these gaps are proportional to 
the gap lengths and are output signals 
of the tracing unit. The command 
voltages are amplified and used to 
energize servo clutches. 


GRAY-NORDEN 


The G. A. Gray Co. teamed up 
with Norden Data Systems Div. fot 
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the application of numerical control 
to the Gray planer-type milling ma- 
chine, Figure 24. This machine fea- 
tures digital readout of rail head 
position on the crossrail, side head po- 
sition on the housing, and table 
position on the bed. Measurement is 
by means of coded discs geared to the 
leadscrews or, where greater accuracy 
is needed, to separate precision racks. 
Full range zero offset is a feature. 
This same machine is equipped with 
an automatic leveling system for the 
cross rail which can be skewed under 
heavy loads. A plumbing potentiome- 
ter controls the operation of servomo- 
ters on the rail-leveling jacks. 

Another new development is a 
Gray horizontal boring, drilling, and 
milling machine equipped with Nor- 
den’s first completely digital position- 
ing system. This makes use of coded 
discs for feedback in contrast to the 
linear synchros employed in earlier 
Norden controls. A tape punch as 
well as a tape reader can be supplied 
for record-playback operation. 


PRATT & WHITNEY-BENDIX 


P&W’s_ Keller horizontal-spindle 
three dimensional contour milling ma- 
chine, Figure 25, is the vehicle chosen 
by Bendix Corp. for introducing its 
brand new path control system*. 
Like the original system, the new con- 
trol has built-in “directing” ability; 
that is, when it is given punched tape 
commands specifying the coordinates 
for the endpoints of a cut plus the 
desired feed rate, the system can gen- 
erate continuous control signals to 
move the cutter from one end of the 
cut to the other. The new system, 
however, has capacity for circular in- 
terpolation in two axes as well as for 
linear interpolation in all three. Given 
endpoint coordinates, diameter, and 
feed rate it can move the cutter along 
circles and arcs of circles. The original 
control was equipped for linear inter- 
polation only so that it was necessary 
for the programmer to divide arcs into 
series of straight lines before preparing 
the punched tape. The new control 
is expected to considerably reduce the 
need for using general purpose com- 
puters in parts programming. 

Interpolation is performed by a 
transistorized computer based on digi- 
tal differential analyzer techniques. 
These techniques lead to considerable 
economies in computer circuitry so 
that the new Bendix system is avail- 


* A detailed description of the Bendix 
system will be published in a future 
issue of Conrrot ENGINEERING. 
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able at a lower cost than many systems 
that can interpolate linearly only. In- 
put information is in binary coded 
decimal form, recorded on standard 
eight-channel magnetic tape. An 
added advantage of the circular inter- 
polation feature is that it permits the 
use of a low cost mechanical tape 
reader. When linear interpolation 
only is available, the tape must con- 
tain much more information for an 
equivalent length of cut. Hence a 
high speed optical reader is required. 
The serial binary digital differential 
analyzer is equipped with magneto- 
strictive delay lines for storage. 

In the original Bendix system the 
feedback transducers were pulse gener- 
ators geared into the servo drives. The 
control was thus completely digital. 
The output of the interpolating com- 
puter was a stream of command pulses 
used to preset electronic registers with 
counts that could be compared di- 
rectly with the data returned by the 
pulse generators. The positioning 
servos employed in the new control 
are of the phase-analog type, having 
synchro resolvers tied into the axes of 
motion. Now the pulse streams are 
converted to 200-cps signals that are 
phase shifted by an amount propor- 
tional to the counter settings. Phase 
detectors, error amplifiers, and hydrau- 
lic drives act to keep feedback and 
command voltages in phase. 


THOMPSON-DAGE 


Numerical control has made pa 


ble another new type of machine: 
Thompson Grinder Co.’s Model 
TF5C Tape Forming Machine. In 
essence this is a planer-type grinder 
with the unique ability to grind con- 
toured surfaces. The workpiece ca- 
ag of the grinder is 14 in. wide 
y 28 in. high by 60 in. long. The 


FIG. 25. Keller three-spindle milling 
machine is first application of new 
Bendix control featuring circular as 
well as linear interpolation. 
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controlled motions are longitudinal 
table position, head elevation, and 
head crossfeed. All three motions arc 
designed for tape control, but only 
two can be operated simultaneously 
by the two-axis control system. Hy- 
draulic rams power the table and cross- 
feed, while a hydraulic motor is used 
for elevating the head. The 5-hp 
drive on the wheelhead is automati- 
cally adjusted as the wheel wears. 

The numerical path control system 
is manufactured by Dage Div., 
Thompson Ramo Wooldridge, Inc. 
The input medium is 1-in. paper tape 
punched with data in binary coded 
decimal form. As the tape is read into 
the system by a Tally mechanical 
reader, the data is converted into 
straight decimal and placed in buffer 
storage. Decimal rather than binary 
numbering was chosen for the internal 
logic because it was felt to result in 
more easily assimilated maintenance 
procedures. The control system in- 
corporates a built-in director capable 
of linear interpolation. The dimen- 
sional information on the tape is con- 
verted by the director into an equiva- 
lent number pulses for the X and Y 
motions. The rate of these pulses, 
which is proportional to feed rate on 
the machine, is controlled by adjust- 
ing the output of the clock oscillator. 
This is done normally in accordance 
with instructions on the tape. How- 
ever, the machine operator can change 
feed rate at any time. 

The director output phase-modu- 
lates the output of a 200-cps square- 
wave generator. Thus the command 
signals are translated into convenient 
analog form for controlling the opera- 
tion of the hydraulic servos. The feed 
back transducers are resolvers geared 
to the wheelhead leadscrew and to 
precision racks along the X and Y axes. 
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AUTOMATIC UNIT OPERATIONS 


Electronic Controls 
Replace Pneumatics on 
Gas Compressors 








Below the level of the large scale, completely automatic processing or 
manufacturing system, there is a multitude of smaller scope automa- 
tic unit operations. These are characterized by the fact that they per- 
form only a specific portion of the total production function and can 
often be looked at as complete systems. 
discussed in this section do not share a specific function, but rather 
were picked for their uniqueness to show the possibility of controlling 
all sorts of equipment. They include the electronic control of gas com- 
pressors, a machine for punched tape control of carpet patterns, an 
automatic weighing and compensating system, and a survey of Euro- 
pean blending systems and their application. 


The automatic operations 








VINCENT A. RIGGIO 
U. S. Industrial Chemicals Co. 


Because of the many and varied applications of 
electronic process controls, it would be difficult to 
single out any one system and call it “typical”. Each 
has its own specific requirements and is designed 
to handle a particular problem in a particular way. 
The purpose of the following system descriptions 
then is not to cite typical applications, but simply 
to indicate the versatility of electronic controls in 
one small area, compressor control, and to point 
out some of the reasons why electronics was chosen. 


Turbine-compressor system 


At U.S. Industrial Chemical Co.’s newest poly- 
ethylene plant in Houston, Tex., a turbine driven, 
two-stage reciprocating compressor supplies gas to a 
high pressure manifold. Ideally, pressure of this gas 
must be held constant regardless of variations in 
the consumption rate. To effect this requirement 
the company’s instrument engineers developed the 
cascade control system shown in Figure 1. 

This system actually consists of two complete 
electronic control loops interconnected by an over- 
ride adapter. Under normal conditions the system 
maintains gas pressure by varying turbine speed, i.e. 
increases speed as pressure tries to drop and de- 
creases speed as pressure tries to increase. At the 


same time the valve in the recirculating line around 
the compressor is closed to avoid any waste of power. 
In its normal mode of operation, then, the system 
provides simple cascade control with the output of 
the pressure controller adjusting the setpoint of the 
speed controller. 

Occasionally, however, the tendency towards a 
pressure buildup in the manifold continues to the 
point where further throttling of steam to the tur- 
bine becomes impractical because of the turbine’s 
own critical speed. At this point the override adapter 
and the recirculating valve come into play. As shown 
in the schematic, both these elements receive the 
1 to 5-ma dc output of the pressure recorder-control- 
ler, but each is sensitive to only half of this range. 
With normal gas consumption, output of the PRC 
is between 3 and 5 ma dc. This enables the override 
adapter to provide the speed recorder-controller with 
a setpoint adjustment covering the entire allowable 
speed range of the turbine. With outputs below 3 
ma dc, however, the override adapter becomes in- 
sensitive to further variations and provides a constant 
output. Essentially this fixes the turbine speed at 
some constant minimum value. 

The recirculating valve operates at the other end 
of the PRC’s output range. It is completely closed 
for outputs between 5 and 3 ma, begins to open at 
3 ma, and is fully opened at 1 ma. Thus the system 
maintains pressure in either of two ways, depend 
ing on whether gas consumption is high or low. 
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Motor-compressor system 


Another electronic control sys- 
tem recently installed at this 
same plant involves a similar pro- 
cess. In this case however, a large 
uc motor rather than a turbine 
supplies the motive power, and 
compressor speed rather than gas 
pressure is the controlled varia- 
ble. Elements of the system are 
shown schematically in Figure 2. 
A powerful eddy-current clutch 
couples the motor to the four- 
cylinder gas compressor. As in 
the system described above, a 
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dc tachometer generator senses 
compressor speed and, via a 
standard dc-to-ac converter, feeds 
a proportional signal to the lo- 
cally mounted speed recorder- 
controller as well as to a remote 
recorder in the control room. 
Controller output is then amplified and applied to a 
thyratron control unit which supplies the necessary 
direct current to the clutch. 

Main feature of this system is its two-speed motor- 
ized setpoint unit which permits either fast or slow 
setpoint adjustments. These adjustments can be 
made either in the compressor room or at the main 
control panel. There is, however, one difference. 
Adjustment can always be made at the compressor 
room board, but not always at the main panels. 


Electronics vs pneumatics 


Of the two systems described above, only the first 
actually has a pneumatic counterpart. A number 
of similar turbine-compressor systems, all _ pneu- 
matically controlled, perform the 
same function at the company’s 
Tuscola, Ill., plant. Detailed in- 
formation on the performance 
and maintenance of these sys- 
tems, over a period of more than 
five years, is readily available to 
the company’s instrument engi- 
neers and will enable them to 
make a direct comparison with 
the performance and mainte- 
nance of the Houston systems. 

What little information is 
available so far indicates that 
maintenance and field calibration fF 
of the electronic system are sim- 1 
pler. As far as performance is 1 
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FIG. 1. Electronic control system for a turbine- 
driven compressor in a polyethylene plant. 


mode controllers. The dynamics of the pneumatic 
system preclude the use of rate action; hence, only 
the proportional-reset modes are used. 

No such comparison can be made in evaluating 
the performance of the motor-driven compressor 
system, nor is any really necessary. Clearly this is 
an example of a process to which the application of 
pneumatic controls would be hard to justify. The 
controlled variable, speed, is readily sensed and 
corrected by means of electrical equipment, i.e., the 
tachometer generator and the eddy-current clutch. 
Any attempt to insert pneumatic instruments be- 
tween these two points would not only involve 
additional conversion equipment but would also 
adversely affect the over-all response of the system. 
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concerned, the electronic system 
again has a slight edge in that 
signal lag is no longer a problem. 
Another factor contributing to 
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the improved response of the new 
system is its ability to use three- 
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FIG. 2. Electronic controls on a 
motor-driven compressor, 
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Punched Tape Controls 
Carpet Patterns 


THE GIST: The weaving of Axminster carpets requires many 
specially wound spools with colors arranged according to the 
carpet pattern. The positions of the colored yarns in these spools 
are now programmed automatically by a punched paper tape pre- 


pared from a master diagram of the pattern. 


The tape triggers 


thyratrons which set yarn carriers for the selected colors in the 
proper sequence for the spool winding machine. The many spools 
then go to the carpet loom. The new tape programmed machine 
has cut spool winding time by 50 to 80 percent and can be oper- 


ated by unskilled help. 


W. H. T. NEALL 
The Birstall Carpet Co., Yorkshire, England 


Axminster carpets are woven a row at a time, with 
seven threads or yarns per inch across the width of 
the carpet. The finished carpet usually has seven rows 
per inch lengthwise. Each individual yarn in a row 
can be a different color from its neighbors, and as 
many as 36 colors can be used in a single row. The 
yarns are supplied to the loom from long spools 
wound with threads of the correct color in each 
yarn position according to the pattern. Since the 
colors can also change from row to row in any yarn 
position, it is necessary to change the spool from 
which the carpet is loomed if the pattern requires 
that the color change in even one yarn position. 
Thus an intricate pattern can use a large number 
of spools which may differ only slightly in color 
sequence. ‘The spools are conveyed overhead and 
inserted in the loom as demanded by the pattern. 

The winding of the many spools for the Axminster 
loom has been a time consuming operation (6 to 
16 min per spool) which limited the less expensive 
carpet designs to moderately simple patterns with 
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small color ranges. It took four to six months to 
develop skilled operators for the spool winding ma- 
chines. An automatic setting machine for the spool 
winder was designed originally by the Magee Carpet 
Co. of Bloomsburg, Pa. An electronic version of 
this machine called the Homfray machine has been 
developed that uses a special punched paper tape to 
position the yarn on the spool. The Homfray ma- 
chine at Birstall positions 1,000 yarns per min, re- 
duces spool setup time to 3 min, and eliminates the 
operator training period. Here’s how it works: 

The selection system restricts the designer to 50 
colors of which 36 may appear in any single row of 
the pattern. The whole cycle of the recurring pat- 
tern is first shown row by row on a full scale colored 
master diagram, Figure 1. Each row is broken down 
into the number of yarns (or color shots) to be 
wound on the spool. A 36-in. wide carpet will have 
252 shots per row. 

A 6in. wide punched tape is prepared from the 
master diagram to control selection of the yarns on 
the setting machine. The tape carries the complete 
color coding for each row. Across the width of the 
paper are 37 tracks in which holes may be punched, 
a track for each color and the 37th track for single 
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Moster pattern sheet Paper tape Spools Final woven carpet 
FIG. 1. Axminster carpet pattern is translated to punched 
tape row by row. Punched tape then controls position 


of yarn colors on spools from which carpet is loomed. 





FIG. 8. Unused yarn ends are tied to yarn store. 
Spool winder is in foreground, setting machine in rear. 
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punchings which separat> the pattern rows. Each 
pitch of the paper represents a yarn position in the 
row which is arranged lengthwise along the tape. 
A group of 10 yarns of one color will therefore ap- 
pear as 10 punchings in one track. ‘This logical 
arrangement is permissible because the paper is 
read simultaneously with the selection of the yarn 
color and desirable because it enables alterations 
either for correction or change of design to be made 
easily without highly skilled operators. And an 
elementary transparent cursor can be moved along 
the paper tape to read the pattern quickly and easily. 
An automatic cursor in a special tape preparation 
machine scans the pattern sheet row by row. At 
each point in the row the operator depresses num- 
bered keys corresponding to the color required. A 
control key marks the finish of each row on tape. 
The next step after tape preparation is running the 
tape through a quantity analyzer where two sets of 
50 counters alternately record the total number of 
each of the color shots in the rows. The total yarn 
demand is calculated from these counts for each 
color. This automatic determination of yarn quan- 
tities effects an additional economic saving since 
previously quantities were only roughly estimated. 


Preparing the spools 


When the tape has been prepared, it is inserted 
into the reading head on the Homfray setting ma- 
chine, Figure 2, which uses a kind of abacus of 
pulley-like yarn carriers between the creel—a large 
frame carrying a battery of differently colored yarn 
reels—and the actual spool winding machine. A 
bridge structure carries 36 pairs of horizontal rods 
along which individual yarn carriers can slide. Each 
rod has 126 yarn carriers. 
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FIG. 2. Creel carries reels of yarn. Tape triggers 
thyratrons to set relays and position yarn carriers on 
rods. After setting correct colors, comb picks up 
yarn ends and delivers them in sequence to winder. 


The main timing system and mechanical drive 
for the machine is a common cam shaft driven from 
a 74-hp motor. The first operation cancels the pre- 
vious setting by causing a collector block to push 
all carriers against stops at the right hand side of the 
gantry. Bevel gears then operate a locking arrange- 
ment which enables all the carriers to be drawn back 
towards the left hand side. Simultaneously a dog 
clutch engages to advance the punched tape. At 
each position brushes sense the tape coding and 
select the rod for the required yarn color. A thyra- 
tron trigger circuit operates a relay to place a re- 
straint on the free end of a lever so that the lever 
will follow the camshaft profile. Movement of the 
lever rotates a spider rod running through all the 
carriers on the selected rod and releases the last 
carrier in the group to drop it off at the yarn position 
corresponding to the tape position. Interlock cir- 
cuits prevent more than one relay operating simul- 
taneously, and a quench circuit then resets the thyra- 
trons and advances the tape to the next yarn position. 

With all yarn carriers in position, the next opera- 
tion inserts the selected yarns in the spool winding 
machine. A light collapsible comb is raised vertically 
from the base of the machine parallel to the carrier 
rods. As the comb rises, each yarn thread is collected 
in one of its teeth. At the top of its travel, the 
comb slides down under gravity along telescopic 
supports to the spool winding machine, simul- 
taneously changing length to suit the winding pitch. 
The ends of the yarn selected by the machine are | 
inserted in the spool winder, and the discarded yarns 
are removed and tied to a warp clamp, Figure 3. 
After the correct selection of yarn colors and posi- 
tions, the spool winder rotates to fill the required 
number of spools to the predetermined amount. 








AT 


TOMATIC UNIT OPERATIONS 


Electronic Logic 
Controls Bread Weight 


THE GIST: Bread produced by commercial bakers must meet mini- 
mum legal weights. The problem is to keep the average weight above 
minimum by as small an amount as possible without producing any 
underweight loaves. The bread weight controller described weighs 
each loaf and adds increments to bring loaf weight just over mini- 
mum from a slightly low average maintained by feedback to the 
dough divider which forms the loaves. 


WILLIAM J. FOWLER 
Food Machinery and Chemical Corp. 


Bakers must control the weight of bread loaves 
for both legal and economic reasons. Most states 
have laws which require that a finished loaf of bread 
or the average of several loaves weigh within a cer- 
tain range. A tolerance of one ounce per pound is 
typical. Bakers normally produce bread loaf weights 
somewhat higher than the allowable minimums. 
The value of extra bread given away by wholesale 
bakeries in this country is estimated at $17 million 
per year. A typical wholesale bakery may lose about 
$17,000 per year, much of which can now be saved 
by an improved weight control method. 

Bread dough is mixed and given time to rise be- 
fore it is used. Schedules are arranged so that one 
container of dough follows another in the proper 
order. Pieces of dough are then sized volumetrically 
into loaves six or eight at a time in pockets in a 
dough divider and dropped on a conveyor. The 
dough pieces are then rounded, put in a pan, 
“proofed”, baked, cooled, sliced, and wrapped. 
Three hours may elapse between sizing of pieces 
by the divider and wrapping of the completed bread 
loaf. The weight changes during this time because 
of “bake-out” and slicing losses, but the change is 
amazingly predictable. Modern temperature control 
during baking and cooling makes it possible to allow 
for this loss as the piece is being sized at the divider. 

The weight control problem thus exists at the 
divider; if a piece of dough of a certain weight can 
be produced. there, then a loaf of bread will result 
whose weight is an almost constant amount less than 
the dough piece weight. Normal manual weight 
control methods call for the divider operator to spot- 
check individual pieces of dough as they come from 
the divider and then adjust the divider as the weight 
seems to indicate. Before operation, volume of in- 
dividual pockets can be adjusted with a wrench; 


during operation an over-all volume adjustment may 
be made with a hand crank. Large pocket-to-pocket 
weight variations occur even for very carefully ad- 
justed dividers because the specific gravity of the 
dough continuously changes as it grows older, be- 
cause new dough is added before all the old dough 
has been used, and because gas bubbles form in the 
dough. These variations are random and cannot be 
controlled by the operator. The operator’s primary 
function is to adjust the divider to produce the de- 
sired average weight by correcting for the variation 
due to constant expansion of the dough. To be 
sure that few underweight dough pieces are made, 
the average weight must be greater than if no 
pocket-to-pocket weight variation existed. 

Control of the pocket-to-pocket weight variations 
presently seems impractical. The problem has been 
solved by weighing each dough piece as it comes 
from the divider and adjusting its weight by adding 
small amounts of dough. A feedback signal controls 
the divider so that the average dough piece weight 
is somewhat less than the desired final dough piece 
weight. The weight control machine can add either 
of two increment sizes or both of them. Pieces so 
underweight that insufficient dough can be added 
and overweight pieces are rejected to be resized. 

Figures 1 and 2 show the weight control machine 
and its electronic control system. Dough pieces 
from the divider are carried on a flexible conveyor 
belt across a deflecting scale, then to a cross conveyor 
belt which takes the pieces in one direction if they 
are to be rejected and in the other direction to be 
finished. Necessary increments of dough are added 
by two flippers as the dough piece gets to the cross 
conveyor belt. The flippers actually throw the dough 
increments at the dough pieces. The increments 
stick to the dough pieces and are so pressed and 
mixed into them in the subsequent rounder and 
moulder that they cannot be detected in the final 
bread loaf. The machine will handle 3-lb dough 
pieces at rates up to 160 pieces per min. 
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FIG. 2. Thyratron triggered re- 
lay logic operates magnetic 
clutches and brakes in bread 
weight controller. 


FIG. 1 (right). The bread weight controller. Conveyor 


moves to right. Dough piece at left has not yet been weighed; 
piece in center has been weighed and is about to receive 
increment of dough from flipper arm just below dough 
hopper; piece at right has been acted upon and is being 
moved off by cross conveyor belt. The weighing scale and 
photocells are just to right of the left piece of dough. 


The bread is weighed on the move by a preloaded 
leaf spring scale which does not deflect unless the 
weight exceeds a certain value. A linear variable 
differential transformer (LVDT) is used as a trans- 
ducer to detect scale deflection. The LVDT primary 
winding is excited by an oscillator designed for good 
amplitude stability and pure sinusoidal wave form. 
The output voltage of the LVDT is proportional to 
the amount by which the weight of the dough piece 
exceeds the preload. The LVDT output signal is 
amplified to the power level necessary for the classi- 
fier and feedback control circuits. The amplifier also 
has an output that will drive a standard oscillograph. 

The timing of the classifier and feedback control 
actions is measured from the moment the dough 
piece breaks a photocell beam just before maximum 
scale deflection is reached. This photocell signal 
clears the classifier of previous information to accept 
a new amplified output signal and also returns the 
feedback control peak detection circuit to a selected 
reference so that the new peak amplifier voltage may 
be correctly examined. The photocell circuit “times 
out” after a predetermined time. 

The classifier consists of five bistable circuits based 
on thyratrons with progressively higher triggering 
points and acts upon the peak amplifier output. An 
amplifier output too small to trigger any of the bi- 
stable circuits produces an underweight-reject deci- 
sion, one which triggers only one of them produces 
an add-both-increments decision, and so on. These 
circuits retain the decision made and, with other logic 
circuitry using neon glow tubes, start the action of 
following circuits. 

Due to the time delay in transporting the dough 
piece from the scale to the point at which it is 
rejected or incremented, the decision made by the 
classifier must not be acted upon immediately. If 
a pass decision has been made, no further action is 
required. But for other decisions delay circuits hold 
the classifier decision so that each dough piece is 
acted upon as it reaches the proper position. The 
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delay circuits are termed reject delay, large increment 
delay, and small increment delay. 

Pieces of dough classified as underweight or over- 
weight are both rejected in the same way by the 
cross conveyor belt, so only one reject delay circuit 
is needed. A fixed time after a reject signal from 
the classifier, the reject delay circuit causes the cross 
conveyor belt to reverse its running direction long 
enough for the chosen dough piece to be rejected. 
If the next piece of dough is not to be rejected, the 
belt returns to its normal direction in time to convey 
the piece to the rounder; but if the next piece is also 
to be rejected, the belt continues to run in the re- 
verse direction until the piece has been rejected. 
This procedure prevents wear due to unnecessary 
changes of belt direction. 

By the time a given piece of dough has been re- 
jected, the classifier may have already made decisions 
on two more pieces. Thus the reject delay circuit 
must be able to store and delay two signals at once, 
and this is done by cascaded monostable multi- 
vibrators. A thyratron actuated relay energizes the 
reject or the normal clutch to control the belt. 

In lenghty tests in a bakery production line, com- 
parisons to an unusually well-controlled manually 
adjusted divider showed definite advantages in auto- 
matic control. For 14-Ib white bread, dough savings 
ranged from 0.25 to 0.40 oz per loaf compared to the 
same divider under manual control. The frequency 
distribution of weights for finished bread obtained 
with the bread weight controller typically has a 
standard deviation and coefficient of variation 38 per- 
cent less than that produced with careful manual 
divider control and 47 percent less than that ob- 
tained with normal divider control. This allows a 
substantial reduction of average dough weight. In 
the bakery where these tests were run, 0.3 oz of 
dough saved for each 14-Ib loaf of white bread alone 
would save about $9,500 per year. 


J. A. Abbott, T. E. Roberts, Jr., and P. R. Bunnelle con 
tributed to the design of the bread weight controller. 





Four Up-To-Date 
Blending Systems 


THE GIST: One of the chief economic advantages of efficient auto- 
matic blending systems is the elimination, in whole or in part, of 
expensive storage capacity. But controlling the blend of two or more 
component streams—simple as it may appear to the uninitiated-— 
can pose some difficult design problems. On the following pages, the 
author reviews some of these problems and shows how they have been 
handled in four modern systems. Examples cited cover both the ratio- 
flow and fixed-flow variable-orifice techniques. 
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DEREK BARLOW 
Control Engineering, London 


Blending control in its simplest form is the mix- 
ing together of two or more liquids in a predeter- 
mined ratio. Simple as it sounds, there are hidden 
snags when it comes to practice. Questions im- 
mediately arise regarding the blending basis (volume 
or mass), accuracy required, effects of flow and tem- 
perature changes, and the economics involved. 

Chief specification setter for blending systems is 
the petrochemical industry where, for one thing, 
a good blending system: can eliminate storage tank 
farms and a final product can be blended right at 
the producing units and pumped straight into 
tankers or railcars without intermediate storage. 

At British Petroleum’s Dinslaken refinery, for ex- 
ample, mechanical blending controls have eliminated 
all intermediate tankage between the producing units 
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FIG. 1. The two basic blending techniques: 
left, ratio flow; right, fixed flow variable orifice. 


and the terminal area. Only storage left in the sys 
tem is at small delay tanks where errors in the 
mechanically produced blend can be corrected before 
shipping. The seven to eight components in the 
final blend are metered from the producing units on 
positive displacement meters with their shaft speeds 
geared down in the desired ratio. Differential gear- 
ing compares the meter speeds, and any variation 
adjusts the setpoint of a controller to correct the 
flow rates. With accuracy of the mechanical blend- 
ing system limited to within 1 percent, the blended 
product can still be off-spec during the run, requir- 
ing periodic laboratory sampling and on-stream ad- 
justment. The end-of-the-line storage tanks provide 
integration of the additional extra component 
amounts added. 

Another reason for blending systems is that petro- 
leum products are seldom marketed as pure fractions 
of components A, B, and C. Instead they consist of 
a number of components blended to meet a com- 
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posite specification made up from individual specifi- 
cations for viscosity, flash point, and so on. 

Higher accuracy blending systems (blends correct 
to within 0.1 percent) pay for their increased cost 
by producing a final product closer to specification 
limits. This eliminates, for example, the present 
give-away of costly cutter oils which are added to 
fuel oil to get the correct blend viscosity. A case 
in point—although not down to the 0.1 percent 
error level—is Mobil Oil’s new terminal in Cheshire, 
England. Here a boost in blending accuracies on 
fuel oil stocks from 95 percent up to 99 percent is 
saving Mobil 3 to 4 percent on every ton blended, 
and this with an initial equipment cost of only 
$5,400 for a two-component system. 

Flow rate variations also complicate the blending 
problem. Blending by digital techniques is simple 
if the exact number of gallons to be run through 
the blender is known. This final gallon throughput 
can then be set into the equipment digitally, and 
simple dividing circuits will control the amount of 
each component. But in filling tankers and rail- 


cars, blending by ratioing the final required quantity 


FOUR CURRENT APPLICATIONS 


FIXED FLOW VARIABLE ORIFICE— 
Fisher Governor Co. Ltd., Rochester, England 


Example of the fixed flow variable orifice is the 
Fisher Type 431 blending unit. As in Figure |] 
(right side) the two oils to be blended are pumped 
through pressure equalizing valves to maintain equal 
pressures upstream of the orifices. These valves have 
a common spindle to which is attached a balancing 
diaphragm. Movement of the diaphragm differen- 
tially adjusts the upstream pressures. Equal pres- 
sure at the main and subsidiary line orifices ensures 
that the ratio of flow through each is proportional to 
their respective areas. 

On the main line the orifice size is fixed and is 
predetermined from the flow rate requirements. 
Viscosity/temperature variations are eliminated by 
using on the main line heavy oil flows a specially 
modified Witte orifice which gives a constant orifice 
discharge coefficient all the way down to a Reynolds 
number of 50. 

With constant output from the main line orifice, 
blend ratio is adjusted by means of the variable 
orifice. This is a single-ported globe valve fitted 
with a parabolic plug-type inner valve. Flow ratios 
are calculated from a three-digit mechanical counter 
indicating the valve piston position; slots machined 
in the piston wall give good near-shut characteristics. 

Suitable only for two component blending, the 
system offers a blend range of from 20 to 1 down 
to 1 to 1 with a 95 percent accuracy. Outstanding 
advantage of the system is its complete independ- 
ence of external pneumatic or electric supplies. 

In the Mobil Oil installation four similar units 
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AUTOMAT IK 


would be impossible. Ideally blending must be 
a continuous feed-forward operation and not based 
on the predetermined final throughput. 

Temperature and viscosity also require compensa- 
tion. Every degree deviation from a mean tempera- 
ture of 60 deg F, if not compensated, means a 47-ton 
error in a 10,000-ton throughput. A l-deg C varia 
tion can cause a 10-percent viscosity change. Al 
though built-in temperature compensating devices 
help, the demand for increased blend accuracy fur- 
ther complicates the problem. 


Equipment types 


Ratio flow blending and fixed flow variable orifice 
systems are the two main blending techniques. 
Figure 1 shows the basics of each approach. 

Ratio flow systems can be pneumatic, mechanical, 
or electronic, while the variable orifice is basically 
pneumatic in operation. By adding viscosity control 
to a variable orifice system, its error can be held to 
about 1 percent. Mechanical or electronic ratio, 
on the other hand, can reduce error to as little as 
0.1 percent, but is more expensive. 


(with 10-inch and 6-inch heavy and light oil com- 
ponent arms and a 12-inch outlet) hold the final mix 
viscosity to within 2 percent. Their design, however, 
requires the addition of an on-off vernier control 
drive. Dual rotating cup viscometers, insensitive 
to temperature changes, measure viscosity of the 
blend and position switches which actuate the 
vernier control drives. Figure 2 shows one such unit 
assembled at Fisher Governor Co.’s works in Roch- 
ester, England. 


FIG. Ss. Fisher fixed flow vai iable o7 ifice blender 
with an electric motor drive on the variable 


orifice valve to permit viscosity correction. 





UNIT OPERATIONS 


ROTOL IN-LINE BLENDING 
Rotol Ltd., Gloucester, England 


SYSTEMS— 


A digital system proposed by Rotol Ltd. maintains 
correct flow proportions even under varying flow rate 
conditions. In this system one line produces a 
master signal proportional to its component flow, 
and each other line is automatically controlled by 
following the master signal. 

Figure 3 shows the basic system applied to a two- 
component blend. Positive displacement meters in 
each line drive photoelectric pulse generators, whose 
outputs feed preset counters. Whenever the preset 
number of counts is reached, the counter emits a 
pulse. When the output rates of the master and 
slave counters are equal and in phase, the blending 
proportions are correct. Variations in total flow and 
flow rate are detected in separate error circuits and 
the combined error signal controls the valve in the 
slave flowline. An integrating circuit maintains 
valve position during zero error signals. 

Each line in the system requires a positive dis- 
placement meter, pulse generator, and a counter unit. 
Four decade dials on the 
cold cathode counters 
set the number of input 
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particularly useful during startup and_ shutdown, 
detects the pulse rate differences and equalizes the 
flows, while the total flow circuit detects phase errors 
between master and slave signals. 

In the total flow error circuit, which exercises the 
most control, incoming pulses trigger a master and 
a slave flip-flop operating with a 90-deg phase dif- 
ference between outputs. One output of the master 
flip-flop (in its “on” position) opens a diode gate 
operating on the slave flip-flop output. The 90-deg 
initial phase difference allows for bidirectional cor- 
rections. The diode gate output is smoothed and 
operates the valve positioning motor. 

Flow variations on either master or slave lines are 
corrected in the flow rate error circuit by adjusting 
the slave valve to maintain thet component’s flow 
in its correct proportion. The master and slave 
n-pulse outputs each trigger a monostable flip-flop 
whose square wave outputs are summed in a smooth- 
ing circuit. This summed dc output from both 
master and slave trigger circuits is added to total 
flow error voltage to provide an overriding valve 
positioning signal. 
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THE CJB DIGITAL BLENDER— 
Constructors John Brown Ltd., London 


Features of the CJB digital blender—still under- 
going final test trials (Figure 4)—are its absolute 
accuracy and ability to maintain accuracy regardless 
of over-all flow rates. Using transistorized digital 
techniques, the system is particularly suited for 
tanker loading installations and other applications 
where frequent flow rate changes occur. 

The system (Figure 5) consist of a master unit 
and one component unit for each controlled com- 


FIG. 3. Basic schematic of Rotol blending system. 


ponent. The master unit contains the system power 
supplies and a common pulse generator. Each com- 
ponent unit contains a dividing circuit and a dif- 
ferential counter plus other control circuits. 

From the common generator, pulses are fed to 
each of the dividers. A knob on the master unit 
panel controls the generator pulse recurrence rate 
over a range of 10,000-100,000 pulses per sec, adjust- 
ing it to the required flow rate. 

The dividing units (modified counters) count up 
to a preset number then emit an output pulse. At 
the same time the differential counters reset them- 
selves to zero. The number of output pulses from 
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FIG. 4. Test rig for CJB digital blender. 


the counters is in a strictly controlled ratio to the 
number of incoming pulses. Four decade switches 
set this ratio to four decimal figures within the range 
999-9,999. 

Output pulses from the dividers are fed to one 
side of the differential counters which have a 2,048- 
count capacity. The counter zero point is set at 
1,024 counts, and pulses arriving from the dividing 
circuits increase this count. The other counter in- 


put is that of the actual flow signalled from the dis- 


placement meters; this reduces the count. With 
equality of the two pulse rates, the count in the 
counter remains constant. Any difference in these 
two input pulse rates will accumulate counts in the 
differential counter either above or below the 1,024 
midpoint. A digital-analog converter transforms 
this output count into a 1 to 5-ma control signal, 
3-ma corresponding to the 1,024 count. Simple con- 
version techniques are used, as the analog signal has 
no effect on blend accuracy; it merely positions the 
flow control valve in the appropriate component line. 

The overriding flow rate control exercised by vary- 
ing the master generator pulse rate adjusts the over- 
all rate at which individual component pulses are fed 
to the differential counters. If they exceed those of 
the incoming meter pulses, a count accumulates in 
all differential counters, and all flow control valves 
open proportionally to increase flow and cancel this 
difference. This single knob flow rate control en- 
sures blending accuracy to within 1 part in a 1,000. 

On each component unit a separate pulse divid- 
ing circuit fed from the displacement meter pulses 
operates an electromechanical indicator totalizing 
the component quantity used. Adjustment of the 
circuit dividing ratio on three decade dials provides 
direct output readings in gallons, liters, or any other 
unit measure. 

Blending operations, after setup of the various 
dividing ratios, are controlled by a three-position 
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FIG. 5. Master pulse generator controls over-all 
flow rates in all lines on CJB digital system. 


switch on the master unit. On “Standby” all pumps 
are running, but flow lines are stopped by pneumatic 
shutoff valves. The master generator pulses are dis- 
connected from the differential counters which reset 
to the 1,024 position, while a reset button sets the 
flow totalizers to zero. Switching over to “Blend” 
opens the shutoff valve, and master generator pulses 
start entering the differential counters where the 
accumulating counts open the control valves. 

As liquid flow starts, pulses from the positive dis- 
placement meters reduce the count in the differen- 
tial counters towards its midvalue. A meter on each 
component unit panel indicates the analog control 
signal being transmitted by the unit. When blend- 
ing of the component is correct, this reads 3 ma. 

A blend is terminated by switching back to the 
standby position. This can be either done manually 
when a predetermined quantity has flowed through 
the system or automatically by a pulse from a preset 
integrating flowmeter. Then the shutoff valves in 
each line close, the differential counters are zeroed, 
and the pumps remain running. Total amounts of 
each component fed into the blend remain on the 
electromechanical counters. 

Third position of the master switch, “Blowback”, 
allows the pipes to be cleaned back to the storage 
tanks by blowing through with air or inert gas. A 
float operated switch and warning light on the com- 
ponent panel indicate when blowback is complete. 
The same system, when blending is in operation, 
warns of lines running empty due to exhaustion of 
the particular component and automatically reverts 
the blender to the standby condition. Other warn- 
ing systems guard against losing control of one of 
the flows, overpressure in the manifold, and overheat- 
ing of any component. These operate when the 
counts in the differential counters accumulate to one 
or another of the limits set at 992 counts above or 
below the midvalue. 





FIG. 6. Single cabinet construction of 
the Shell ratio controller houses ratio 
bridge, final proportional-plus-reset con- 
troller, and actual ratio setting controls. 


ELECTRONIC RATIO FLOW SYSTEM— 
Koninklijke/Shell Laboratorium, 
Amsterdam, Netherlands 


In service at the Shell refineries for bitumen cut- 
back blending, an electronic ratio flow controller 
(Figure 6) eliminates the infinitely variable mechan- 
ical gear box and the close positioning of the posi- 
tive displacement meters required in the equivalent 
mechanical ratio flow system. Feature of the system 
is regulation not only of instantaneous flow ratios but 
also control of the component ratio over the total 
integrated blend. A simple potentiometric control 
sets the blending ratios of components to any value 
between 1 to 10 and 10 to 1. Accuracy of blend is 
dependent solely on the flow measuring system used 
as input to the ratio controller. Using positive dis- 
placement meters, blending accuracies of within 0.1 
percent are possible over a 10 to ! flow rate range. 

Figure 7 shows the system schematic. Connected 
to the output shaft of each positive displacement 
meter are electrical commutators operating under in- 
trinsically safe conditions. These feed pulse signals 
into a ratio bridge with a pulse rate proportional to 
the displacement meter’s shaft speed and hence to 
flow rate of each component. 

When the flow rates are within their desired ratio, 
the ratio bridge provides zero output. With dis- 
turbances present, a bridge output appears, is inte- 
grated, and operates a proportional-plus-reset_con- 
troller. Correct flow rate in the slave line is restored 
by operation of the flow control valve from the con- 
troller via an electropneumatic valve positioner. 

Operation of the ratio bridge is shown in Figure 8 
where the switches S, and S> are operated from the 
positive displacement meter shaft commutators. 
Left-hand switch positions charge the capacitors C, 
and Cz, the right-hand positions discharging them 
both into the memory capacity C;. Action of the 
ratio bridge and its integrator is analogous to a bucket 
and bathtub operation where, armed with equal size 
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FIG. 7. Schematic of the Shell blending system. 


buckets, one man attempts to fill the bath and the 
other to empty it. The tub level only remains con- 
stant if both men work at the same speed. In the 
electronic system the final controller maintains con- 
stant flow ratio by increasing or decreasing the speed 
of one of the switches. 

If the ratio bridge capacitors C, and Cy, are equal 
and the ratio potentiometer set in its mid position 
a = 8, C, and C, charge to the same potential, and 
their algebriac sum when switched to the memory 
capacitor C; is zero. Capacitor C,; remains un- 
charged provided the two switching rates are equal. 

At any position of the potentiometer, if the 
charge on the memory capacitor is to remain zero, 
the switching frequencies f, and fy must satisfy the 
relation af, — Bf,. Variation of either switching 
speed accumulates a charge E on the capacitor which 
is used to correct the appropriate flow rate. Blending 
ratios are simply set by varying the potentiometer 
ratio. 

Disturbances in the blend last only for the period 
that an error charge exists on the memory capacitor. 
The total integrated blend is correct as soon as the 
charge returns to zero, the entire system acting as a 
controller with reset action. The accumulated 
charge on the memory capacitor measures, during 
the disturbance period, the fluid quantity in excess 
or missing from the correct blend. 

With each additional flowmeter, ratio controller, 
and control valve, another component can be added 
to the blend. As the system operates purely on a 
volume basis, constant quality output will be ob- 
tained only from constant quality components. 
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MATIC EVALUATION 


Automatic Inspection 
and Computation 


Reduce Reject Rate 





Test and inspection make sure that the key characteristics of a product 
meet specifications. In the fabricating industries automatic evalua- 
tion got its boost from techniques and equipment developed to inspect 
missile systems. In raw materials processing it was made possible by 
plant-site analytical instruments. Automatic evaluation leads in the 
right direction since it creates interest in making manufacturing 
operations even more automatic. In every case it gives superior qual- 
ity control records, clues to inefficient operations, etc. The case 
studies here include a numerically controlled production and inspec- 
tion sequence, a system for testing electronic components, and process 





evaluation by automatic titration and pH controls. 








ALBERT M. DEXTER 
Pratt & Whitney Co., Inc. 


This is a story of integrating the most modern auto- 
matic production techniques to achieve an end that 
could not be accomplished in any other manner. The 
sequence of operations and the equipment used are 
shown pictorially on the next two pages. The object is 
to produce a highly precise template. Although the 
problem discussed here is a very specific one involving 
the inspection of critical missile components, many of 
the techniques and equipment can be profitably em- 
ployed by themselves or in simpler combinations to 
benefit commercial industrial production. 


The integrated procedure 


The engineering drawing specifications and machin- 
ing instructions for the template are fed to a digital 
computer which is programmed to convert this infor- 
mation into the form required to instruct a continuous 
path numerically controlled milling machine. 

But even a precise numerical milling machine cannot 
always produce the accuracy required, so the template 
is inspected on a tape programmed inspection machine. 
This machine is completely flexible and is well suited to 
the inspection of precise parts where the parts differ 
from one another. The output is a record of deviation 
along the template contour. 

If the template contour falls out of tolerance, it may 
still be completely satisfactory if shifted slightly. In 
this system the required shift is determined by running 
the deviations from nominal through a least squares 
curve fitting routine in a digital computer. The output 
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of the computer tells how much to rotate and translate 
the template to achieve the best fit. 

The template is finally used on a universal inspec- 
tion machine to inspect missile components. Since this 
machine is not tape programmed, but rather requires 
templates to set the gages, it is best suited to inspecting 
pieces which will be produced in quantity. 


Lessons to be learned 


First note the two types of automatic inspection 
machines. One is highly flexible using easily prepared 
tape to run it through its routine. But it is not fully 
automatic and is best applied where many different 
objects must be inspected since the inspection program 
can be quickly and cheaply altered. 

On the other hand, the universal inspection machine 
for which the template is the master is fully automatic 
once the gages have been set, even including the data 
processing functions. It is a higher speed production type 
of machine, intended for the continuous inspection of 
identical workpieces where there are sufficient of these 
items to justify the expense of the templates. 

Probably the most important concept introduced in 
this integrated system is that of improving accuracy 
and reducing reject rate by carefully examining the 
results of the template inspection operation. Normal 
practice would be to consider the (0,0) origin inviolate, 
and to base acceptance or rejection of the contour on 
this fixed set of coordinates. But actually the location 
of the origin is not known any more accurately than any 
other point and can be shifted if such a shift would 
improve contour fit. This important principle will 
undoubtedly be widely applied in the future by more 
completely analyzing inspection data. 





Precision template 
PRODUCED, INSPECTED, and IMPROVED 
by numerical control and computation 


PRECISION TEMPLATE is for use as master on automatic in- 
spection system shown in Item 8. Gage heads on universal 
contour measuring machine are checked against this mas- 
ter prior to inspecting missile components. The problem is 
to produce a template accurate enough for this purpose. 
The cycle begins by initially machining the template on a 
numerically controlled milling machine. 


8 UNIVERSAL CONTOUR MEASURING MACHINE uses the 

precision templates as a master for setting the in- 
spection gages. Actually two templates are required: 
one sets the gages that inspect the inside contour of 
the missile component, the other sets the outside 
gages. The machine has several gage heads one above 
the other that are first set against the templates and 
then swung against the piece to be inspected once it is 
mounted on the rotary table. The data processing sys- 
tem scans the gages in order, typing out deviations 
from nominal readings of both gages and computed 
deviation from nominal wall thickness. Once all the 
gages have been read for one angular location, the 
workpiece is automatically rotated a specified num- 
ber of degrees and the operation repeated until the 
part is completely inspected. 
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BENDIX G15D COMPUTER assists in preparing input 
data for numerical milling machine. Engineering 
drawing information in the form of point coordi- 
nates, line directions, radii, etc., plus machining 
instructions such as tool radius and permissible 
tolerance are coded into punched tape and fed to 
the computer. Then automatic machine tool pro- 
gramming routines such as Compac | or I! or 
Flexpac take the input data and generate specific 
machining instructions in the form of incremental 
components and feed rates as required by the ma- 
chine control unit. These machining instructions 
are recorded on punched tape. 


PART MODIFICATION follows by shaving the template feet 
based on axis translation and rotation data supplied by 
the computer. The sum of the least square errors before and 
after modification shows a gain of at least five to one, re- 
sulting in improved accuracy of every template and no 
rejections to date. Even the largest templates are so ac- 
curate that all of the points fall within a plus or minus 
0.001-in. envelope about the desired contour, and at least 
one has been produced where all points fell within a plus 
or minus 0.0001-in. envelope. 
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NUMERIC-KELLER is a three-axis horizontal spindle milling ma- 
chine controlled by a Bendix continuous path system. It accepts 
the punched tape prepared by the computer, performs a rough- 
ing operation around the template shown in Item 1, and fine 
finishes the template on the feet and contour. The numerically 
controlled milling machine is accurate within a few ten-thou- 
sandths of an inch. 


TABLE OF DEVIATIONS is then fed to Bendix com- 
puter programmed to perform ca least squares 
curve fitting routine. Key point is to realize 
that the origin and coordinate axes established 
by the template feet are actually known no 
more accurately than the contour itself. Thus 
the computer program mathematically rotates 
the template and shifts it in the X and Y axes 
until the actual contour most accurately ap- 
proximates the desired contour. Computer out- 
put is AX, AY, A@. 
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MACHINED TEMPLATE as it leaves 
milling machine ready for inspection. 
Templates have ranged in size up to 
4 ft x 3 ft x % in. The precise ac- 
curacy specifications require that the 
inspection machine and template to 
be inspected be housed in a tempera- 
ture controlled room and allowed to 
remain there long enough to become 
temperature stabilized. 


PROGRAMMED INSPECTION MACHINE uses P & W Electrolimit 
numerical positioning system with a standard Trans-O-Limit lin- 
ear differential transformer type of gage head in the machine 
spindle. The sensing head readout is calibrated in 10-microin. di- 
visions. Template is oriented by its locating feet on the inspec- 
tion machine table and is then automatically positioned so that 
a series of check points on the contour fall exactly under the 
center of the quill. At each inspection point the operator rocks 
the gage head by hand to achieve a minimum reading, thus 
making sure that the gage is normal to the contour before 
actuating the recording circuit. Deviation from nominal is re- 
corded on a strip chart recorder and on punched tape. 
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FIG, 1. 

Fixed resistor tester, 
showing both electrical 
console and mechanical 
handling equipment 


Fast Component Tester 
Checks Itself Too 


THE GIST: Card programmed automatic component testers per- 
form 100 percent incoming inspection for missile contractor. 
Digital equipments are self-verifying and check fixed resistors at 
2,000 per hour and transistors and diodes at 500 per hour. 


SAUL LISS, Kearfott Div., General Precision, Inc. 


The two testers described here were designed to 
be as much alike as possible. This not only simpli- 
fied fabrication, servicing, and operator training, but 
also made it relatively easy to extend the line to 
handle such items as variable resistors and fixed and 
variable capacitors. Standardization was not dif- 
ficult to achieve from a mechanical standpoint, but 
the electrical equipment caused more trouble be- 
cause of the large number of different electrical 
parameters involved in testing six different compo- 
nents. A measure of electrical standardization was 
achieved, however, by using standard digital circuitry. 

This involves transducing all measurement param- 
eters into a common digital terminology, Figure 2, 
so that standard digital comparators can be used. 
This way, programming the different modules to 
perform the different tests is simplified and in 
some cases unified. The key to success is in the 
preparatory circuits, the object being to reduce all 
test information (resistance, frequency, capacitance, 
voltage, etc.) to a single type of input to the analog 
to digital converter. ‘Then each tester can use the 
same converter, in this case a solid state unit op- 
erating at 2,000 conversions per sec. The other 
input to the comparator is from the card reader 
programmer so that desired parameter value is com- 


pared with the measured value. Comparator output 
either feeds printing or card punching output equip- 
ment, or simply selects go/no-go lights. 


Self-verification capabilities 


When a program card is inserted in the reader, 
a series of self-verification checks is performed. These 
are also repeated at specified time intervals, depend- 
ing on the number of tests to be performed on a 
component and the predicted reliability of the 
circuits. ‘The fixed resistor tester self-checks itself 
every half hour, the transistor-diode tester prior to 
testing each component. In addition, resumption 
of power after a failure initiates a self-check cycle, 
and the operator can demand a self-check at any 
time. Scheduled self-checks in no way slow down 
the tester since they are performed during the transfer 
of a component into the test position. 

In addition to checking circuit logic and mechan- 
ical operation, the selfcheck also verifies equipment 
accuracy against standard elements consisting of 
ultrahigh precision resistors in oil (accurate to 20 
parts per million). These permit checking the meas- 
urement circuit within the test equipment tolerances 
rather than normal component tolerances. ‘The 
standard resistors are housed in removable modules 
so that a spare can be substituted while the unit in 
use is calibrated in the laboratory. 


CONTROL ENGINEERING 





Fault isolation during checking 


Different for Similar for 





If the self-check finds that a circuit or component + 
is faulty, the equipment is programmed to stop and 
light a malfunction light on the panel. The fault 
isolation citcuitry in the resistor tester electrical 
console (see Figure 3, top right module) is actuated 
by rotating the circuit check knob which isolates 
sequentially the precision power supplies, data con- 


GO / NO-GO 
Printed tape 
Punched card 
Numerical readout 


difficulties are then located by checking the relay 
voltages which have been brought to the front panel 
alongside the circuit check knob. 

Difficulties in the mechanical handling console, 
Figure 4, can be isolated also. A pushbutton con- 
trolled subprogram causes all operating doors, chutes, 
and working and handling devices to operate sequen- 
tially. Any failure to operate properly is indicated 
by specific malfunction lights. 


Fixed resistor tester 


Since the two testers are similar in concept, only 
the simpler of the two, the fixed resistor tester, will 
be described in detail. This unit can handle re- 
sistors from 4 to 10 watts and from 5 ohms to 22 
megohms. ‘Test accuracy is about 0.1 percent. 

When a punched card is inserted, the system is 
programmed and started. A totalizer keeps track 
of operating time so that the standard reference 
module can be replaced and checked at proper in- 
tervals. The equipment will accept either individual 
resistors or a card that contains 50 to 150 resistors, 
depending on size. The test components roll down 
a vertical zig-zag chute to a single feed contact mech- 
anism which takes over and moves them into test 
position. The guide jaws and single feed mechanism 
can be adjusted to accommodate } to 24-in. resistors. 

When a test is completed, acceptable units are 
marked with a colored dot and deposited in an 


FIG. 3. Upper half of electrical console contains control 
switches for following functions: 1) go/no-go lights— 
on/off; 2) Nixie numerical readout—on/off; 3) self test— 
automatic demand; 4) manual retest for resistor in han- 
dling console; 5) manual advance for resistor in handler; 6) 
mode control—manual, automatic, or automatic with stop. 


| 
| 
| 
version circuits, and digital comparator. Specific | 
| 
| 
| 
| 


| 
each testset | each testset |! ame for each test set 


| 


FIG. 2. Use of similar mechanical handling 
unit and identical digital circuitry makes it 
easy to fabricate different test systems, 


Accept bin; rejected units are dropped into High 
or Low bins. Each bin has its own counter for 
evaluation purposes. 

A manual mode of operation is also available 
which causes the test cycle to stop whenever an out- 
of-tolerance resistor is measured, or after every resis- 
tor is measured, in order to monitor the converter 
display. Controls are provided for repeating the 
measurement or resuming the cycle. There is also 
a separate manual module in the electrical console, 
Figure 3, for handling any resistor configuration not 
suitable for automatic handling. In this mode the 
operator inserts the resistor and presses the button: 
the resistor is automatically qualified as low, go, or 
high. Rates of 1,000 per hour are possible with 
a solenoid operated foot switch. The same card 
programming is used for both automatic and manual 
modes of test operation. 


FIG. 4. Bin system rolls out for 
easy removal of tested compon- 
ents and to facilitate servicing. 





Automatic Analyzers 
Convert Yeast Plant 
to Continuous Operation 


Converting processes from batch to continuous operation has the 
potential goals of lower capital and operating costs, increased through- 
put, and better product quality. Here from England is an example 
of how economic rewards were gained by using a programmed 
sequence control, a pH control system, and automatic titrating 
apparatus at Distillers Co.’s 300 ton per week continuous fermen- 


tation yeast plant. 


Benefits: yeast production rate up 38 per- 


cent, manhours per ton down 44 percent, instruments cost less than 


for a comparable batch plant. 


H. SHER, The Distillers Co. Ltd. 
R. F. RODGER, Electronic Instruments Ltd. 


Yeast production starts with the addition of seed 
yeast to a tank containing molasses and ammonia, 
the ammonia liberating nitrogen which together with 
the molasses feeds the yeast culture. Final product 
quality is governed by nitrogen content and pH. 
To control yeast throughput and quality, therefore, 
two variables are manipulated under guidance of 
two timed-shared analysis instruments operating in 
closed control loops: 

Pa pH control system manipulating sulfuric acid 

Pan automatic titrator manipulating ammonia. 
Figure 1 shows how these two systems control the 
five-tank yeast production plant. The sixth tank 
is not controlled but is used to mature the yeast. 

A punched steel-tape sequencing programmer con- 
trols the addition of fixed amounts of molasses, 
sulfuric acid, and ammonia into the vessels as the 
liquor passes continuously through them. While 
the programming system aids considerably in reduc- 
ing manufacturing costs, of prime interest here are 
the two analytical control systems. 


Growth control 


To ensure that the yeast grows in its liquor at an 
optimum pH, a control system regulates the addition 
of sulfuric acid to all tanks. From each tank a 
sample stream of yeast liquor is pumped off through 
a sampling vessel fitted with pH electrodes. Stepping 
switch selectors sequentially connect, every 2.5 min, 
each set of electrodes to the pH controller input 


The controller’s electrical output is converted to a 
corresponding pneumatic signal which operates the 
sulfaric acid inlet valve on the tank being monitored. 
The valves are maintained in fixed position until 
changed by a new measurement. 


Nitrogen-content control 


In tanks A and B ammonia feed is not controlled, 
but the nitrogen content is recorded. Tanks C and 
D use an on-off control system, shutting off the 
normal ammonia flow when nitrogen content ex- 
ceeds a preset value, thus preventing excess nitrogen 
buildup in the tanks. Nitrogen content in the final 
vessel, tank E, is more critical. Here a nitrogen 
measurement continuously controls the ammonia 
inlet flow. On tank E a self-balancing recorder 
registers the tank’s nitrogen content. A control 
signal proportional to this value is read out of the 
recorder motor position into an electropneumatic 
converter. The resulting 3 to 15-psi output posi- 
tions the pneumatic valve controlling ammonia feed 
to the tank. During titrations on other tanks, the 
recorder motor is locked—giving a constant pneu- 
matic output until the next titration 30 min later. 

Nitrogen content is measured by the second 
analytical control system, Figure 2, which performs 
a double titration in 10 min. A solenoid operated 
selector valve allows a sample to flow from each tank. 
Separate stepping switches select the tank coupled 
to the automatic titration equipment. Each tank 
is checked once an hour, except for tank E which 
is sampled every half hour to obtain more effective 
control over final yeast quality. A four-bank, 25- 
position stepping switch, operated by a thyratron 
pulse generator, sequences the titration procedure. 
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The first titration tells when the acid content of 
the yeast liquor has been neutralized by an addition 
of caustic soda. After connecting the sample to the 
automatic titrator, a sample inlet valve opens to a 
50-ml sample vessel. The sample flows through the 
vessel and out to waste until a 10-sec timer closes 
the valve. Another valve then opens and drains 
the sample into a reaction vessel. Caustic soda en- 
ters a burette and is then titrated through a valve 
into the reaction vessel to neutralize the free acid. 

To carry out the second titration—which deter- 
mines the residual nitrogen content of the liquor 
in the tank—formalin is first added to the reaction 
vessel. The formalin combines with ammonia to 
release sulfuric acid from the residual ammonia 
sulfate which the yeast has not yet utilized. The 
burette is again filled to a 50-ml level with caustic 
soda. The amount of caustic soda released through 
the burette valve to neutralize the sulfuric acid 
is read by a travelling lamp and photocell head. 

As the second titration nears its endpoint, deter- 
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mined by pH values, an anticipatory circuit in the 
endpoint detector slows down the run-in of caustic 
soda by energizing the burette valve for progressively 
shorter periods to give a drop-by-drop addition of 
titrant. Each valve operating pulse resets a 22-sec 
timer, the endpoint being signalled only when the 
burette valve has remained closed for a full 22 sec. 
The “titration complete” signal advances the 
stepping switch to energize the reading motor which, 
through reduction gears and a leadscrew, drives the 
light and photocell readout head up the burette 
until the meniscus interrupts the light beam and 
the motor stops. The meniscus level shows how 
much caustic soda was used to complete the titra- 
tion and therefore indicates nitrogen content. A 
precision potentiometer coupled to the motor shaft 
reads out the titration value with an accuracy of 
0.25 percent. The whole cycle now repeats, since 
stopping the motor reverts the autotitrator sequenc- 
ers to their reset position and advances the sample 
selector to connect the next tank to the analyzer. 
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FIG. 1. Two time-shared an- 
M alysis instruments operating 
20H j in closed loops and a sequen- 

ff] fl tial programmer control the 
| | |] five-tank yeast plant. 
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FIG. 2. Automatic titration 
equipment in the plant con- 
trol room. The cabinet at 
right houses the reaction ves- 
sel, burettes, and solenoid op- 
erated valves. In left cabinet 
are the recorders and se- 
quencing gear and the pH de- 
tector for determining titra- 
tion endpoint. 
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New Drives Sharpen 
Conveyor Synchronization 











R. B. MAAG, The Louis Allis Co. 


When the Plymouth-Detroit assembly plant of 
Chrysler Corp. was changed over last year to produce 
new unitized bodies, the 30 new conveyors needed 
were equipped with eddy current drives controlled by 
a new conveyor synchronizing system. This includes 
an amplifier in the discriminator output to increase 
the gain and thus the accuracy of positioning. Chrys- 
ler Corp.’s new assembly plant at St. Louis is also 
using more than 60 of these systems. 

The Plymouth-Detroit plant is broken down into 
five areas: the body shop, where the various parts 
of the unitized body are welded together; a body 
preparation area, where the finished body unit is 
given a series of dips and bakes in preparation for 
painting; the paint shop; and the mating line, where 
the stub frame which carries the front suspension 
assemblies, engine, transmission, etc., is brought to- 
gether with the main body line; and the final assem- 
bly line. The conveyor systems in each of these areas 
are synchronized independently to a master rate 
synchro signal. The individual conveyors within 
each of these systems are position synchronized to 
the conveyors just ahead. 

Although there are some overhead hook-type con- 
veyors in the plant, as in the dipping area, most of 
the body conveyors are the floor-type in which the 
bodies are carried by special dollies pushed by dogs 
on the conveyor chain. The pusher dogs are spaced 
evenly along the chain with enough space between 
the dollies so that assembly workers can work safely 
on the ends of the car bodies as the conveyor moves. 

The transfer of cars from one conveyor to the next 


Often more time is wasted in getting material in and out of storage, 
in moving pieces from machine to machine, or in making sure that 
two parts arrive at the same place at the same time than is saved by 
automatic production operations. An automatic machine is useless if 
it has run out of raw materials or has no place to put its finished prod- 
ucts. These problems have stimulated development of automatic mate- 
rials handling techniques in such diverse fields as warehousing, mail 
sortation, airline baggage handling, and automatic lease custody 
transfer in the oil fields. This article tells how Plymouth increased 
positioning accuracy in a conveyor synchronization application. The 
next two articles describe a programmed manipulator for feeding a 
forging press and a bulk materials handling system in a brewery. 








is done by overlapping the ends of the chains. 
Thus the conveyor chains must be rate and position 
synchronized so that the dog on the second con- 
veyor will pick up the dolly just after it has been 
dropped by the dog on the first conveyor. If the 
second conveyor dog is too far ahead of the correct 
position, it will miss the dolly and a void will occur 
on the line. If the second conveyor dog is too far 
behind its correct position, the dollies may pile up 
and could cause damage to the car bodies. 

Figure 1 is a simplified block diagram of a com- 
plete ac conveyor drive system including synchro 
position control accurate to better than 1 percent 
or plus or minus 3 in. for a 22-ft job space. The 
position error signal results from comparison of the 
position of a control transformer synchro on the 
following or slave synchro with the position of a 
transmitter synchro on the lead conveyor, or with 
master rate drive. The comparison is made by 
a ring demodulator or discriminator circuit. The 
excitation applied to the transmitter synchro is 
applied also to the discriminator circuit as a phase 
reference by a winding on the same transformer T}. 
The amount by which the phase of the output 
voltage from the slave synchro varies from the ref- 
erence phase is proportional to the position error. 
The slave synchro output is applied by way of trans- 
former T, to the discriminator to produce a dec out- 
put signal proportional to the synchro position error. 
The polarity of the output indicates the direction of 
the synchro error and is positive if the slave synchro 
lags the transmitter and vice versa. 

The new conveyor position controls at the Ply- 
mouth-Detroit plant also include the error amplifier 
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shown in Figure 1, which shapes the discriminator 
output signal for more efficient utilization by the 
input circuit of the ac drive controller and increases 
the sensitivity of the entire position control loop. 
The error amplifier incorporates negative feedback 
to reduce the sensitivity of the control system to 
transient disturbances. The ET; amplifier tube is 
biased so as to cut off the negative portions of the 
discriminator output signal and to amplify strongly 
the positive portions. 

The output of the error amplifier is connected 
to a Louis Allis Ajusto-Spede drive controller so 
that it replaces the usual speed setting potentiometer. 
The drive controller provides thyratron control of 
the current in the field coil of an electromagnetic 
eddy current clutch which couples a constant speed 
ac drive motor to the conveyor. The Ajusto-Spede 
controller is the circuit at the right-hand side of 
Figure 1. The contacts on relay 2CR switch the 
input circuits from manuai control by the speed 
setting potentiometer to automatic control. 

In manual control the grid-to-cathode input cir- 
cuit of the EL CIK thyratron sums the voltages 
across the sensitivity potentiometer, the maximum 
speed potentiometer, a portion of the low bias 
potentiometer, and the speed setting potentiometer. 
The sensitivity circuit determines the amplitude 
and phase of a small ac signal supplied by a sec- 
ondary on auxiliary transformer Ty. This ac signal 
is biased by the dec signals from the other three po- 
tentiometers to control the firing point of the EL 
CIK in each cycle of the ac power supplied to the 
load circuit by Ts. 

The low bias potentiometer is normally set just 
once to cancel the small negative bias of the firing 
point inherent in the EL CIK. When properly set 
it introduces a negative 3 or 4 volts into the grid 
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FIG. 1 (left). Simplified circuit of position 
control system. Output is current in control 
field of eddy current clutch. FIG. 2 
(above). Control cabinet for four-drive con- 
veyor. Floor conveyor ends here, and car 
bodies are transferred to overhead conveyor 
to go to final assembly. 


cathode circuit which will make the thyratron just 
inoperative for a zero voltage setting on the speed 
potentiometer. Any positive voltage from the speed 
setting potentiometer will then cause the thyratron 
to fire and accelerate the conveyor until the feed- 
back voltage from the tachometer generator in the 
eddy current clutch equals or exceeds the speed 
setting voltage. The drive controller will there 
after maintain a conveyor velocity such that the 
average voltage from the tachometer generator just 
cancels the speed setting voltage. 

In the automatic mode the speed setting poten- 
tiometer is replaced by the zero or positive output 
voltage from the error amplifier. The relay 2CR 
also replaces the maximum speed potentiometer 
with the potentiometer marked “damping” because 
the input signal from the error amplifier is a series 
of de pulses, so it is necessary to change the level of 
the feedback voltage. 

The Ajusto-Spede magnetic clutch drive pro 
vides wide range, high response speed control with 
no commutators or slip rings in the control loop, 
and without high current rectifiers. ‘The rectifier 
across the clutch coil in Figure 1 protects the 
thyratron anode circuit from high surge voltages. 

Some of the conveyors have multiple drives in 
which small motors are distributed along the con- 
veyor line to decrease the chain pull for a given 
load. This permits a smaller chain to be used than 
would be necessary if a single drive were used. It 
also permits a better load distribution on the con- 
veyors, which often turn corners and go up or down 
inclines. ‘The multiple drive conveyors are con 
trolled quite simply by feeding the output of their 
single error amplifier to the input circuit of each 
of the drive controllers. Figure 2 shows a controller 
for a four-drive conveyor. 
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Programmed Manipulator 
Cuts Forging Time 


THE GIST: An automatic manipulator programmed by digital 
potentiometers and stepping switches has cut actual forging time 
in half on a 200-ton forging press. The larger time loss and high cost 
of reheating billets can be considerably reduced on complex forgings. 
The manipulator moves the billet through several preprogrammed 
steps, longitudinally and rotationally, on each pass through the press. 
Squeeze limits, billet height, and billet positions for each step can 
be preset independently for 30 passes. 


P. N. BAKER and A. TOMLINSON 
British Iron and Steel Research Association, 
Sheffield, England 


Recent industrial studies showed that British 
forging equipment was slow and limited by inac- 
curate position control and poor coordination be- 
tween presses and billet handling equipments. To 
raise productivity, the British Iron and Steel Re- 
search Association (BISRA) was faced with the 
choice of either augmenting existing forging press 
mechanization or leap-frogging to fully automatic 
forging and manipulating. The fully programmed 
forge was chosen, and 1956 saw the start of two 
parallel research programs. One was aimed at de- 
riving mathematical working methods, from in- 
vestigations of metal shaping, to permit complete 
programming of the forging operation in terms of 


FIG. 1. Programmed manipulator positions and ro- 
tates the workpiece into correct location between 
each press stroke of 200-ton forging press. 


the number of passes, the amount of squeeze on the 
billet, and the bites (distance the billet is withdrawn 
from the forge after each stroke) required to pro- 
duce accurately forged shapes. The complementary 
second program was the development of an auto- 
matic programmable press and manipulator. 

Figure 1 shows the world’s first fully automatic 
200-ton press and manipulator, which combines the 
results of both research projects. Calculations from 
knowledge of billet deformation give the constants 
for the forging program. ‘These are then set up 
on the programmer in terms of billet longitudinal 
and rotational movements and upper and lower lim- 
its for the press crosshead on each pass. First re- 
sults from this programmed forging system show 
a 2 to 1 speedup in forging time, typically demon- 
strated by the production of a final shaft shape 
accurate to xy in. (comprising three 20-in. lengths, 
each with different cross sections of 6 x 6, 4 x 4, and 


FIG. 2. Each panel of 30-pass 
programmer sets up seven 
variables. 
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FIG. 3. On-off control systems operate electrohydraulic valves to provide 
manipulator and press motions. Two stepping switches determine the control 


system inputs: 


3 x 3 in.) from an 8-in. square section ingot in 5 
min. ‘This compares with normal forging times 
for the same piece that are in excess of 10 min, plus 
the time and cost required for an additional reheat. 
(The metal cools below its workable temperature 
limit in less than the 10-min working period.) 


The system 


On-off control systems on both the press and the 
specially developed manipulator are coordinated by 
programmer circuits to provide three basic inde- 
pendent forging programs. In the longitudinal pro- 
gram‘ the billet is progressively moved back in steps 
of 1, 2, 3, or 4 in. from the press after each squeeze. 
The second program is pure rotational, through 
preset angles of 15, 224, 45, or 90 deg after each 
squeeze. The third program is helical forging, 
where both longitudinal and rotational motions are 
imparted to the billet simultaneously after each 
squeeze. In all programs, each step in the pass is 
initiated on the reversal of the press crosshead after 
it has compressed the billet. The manipulator re- 
positions the billet for the next stroke during a 0.3- 
sec billet free time. An end-of-pass signal feeds 
new parameter values into the control system from 
the 30-pass programmer to start the next pass. 

Figure 3 shows the basics of the combined electro- 
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one provides equal increment stepping movements of the 
manipulator longitudinally; the other switches in new 


over-all programs. 


hydraulic system. Four double pumps on the 200- 
ton press operate at 6,000 psi to provide a fast 14 
in. per sec approach speed and a 3 in. per sec pene- 
tration during forging, resulting in a 1-sec total 
cycle time for a heavy cogging stroke. Solenoid 
operated valves control the crosshead direction and 
couple the press to a positioning control system. 
The l-sec cycle time determines the response re- 
quirements of the billet manipulator since its con- 
trol systems must move a billet of 670 Ib maximum 
weight through 30-deg rotational and 4 in. longitu- 
dinal motion within the 0.3 sec available for manip- 
ulation. For high response the 3,300-Ib rail mounted 
carriage houses only the hydraulic cylinders and 
motors required for two of the three manipulator 
motions: billet rotation and elevation. Oil is sup- 
plied to the carriage by flexible pipes from two 
1,000-psi floor mounted pumps—one for the billet 
elevation system and the other for billet rotation, 
ingot gripping, and a detent mechanism. This sec- 
ond pump also powers the longitudinal motion 
through a rack and pinion at the carriage rear. 
Rotation of the billet is controlled by a solenoid 
operated valve which provides on-off control for 
a geared hydraulic motor driving a ring gear con- 
centric with the billet jaws. Due to deadband in 
the on-off control system and the varying inertial 
loads of different billet sizes, mechanical locking 
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mechanisms are used for accurate positioning. A 
separate hydraulic cylinder operates a roller headed 
detent into notches spaced at 224 deg on a second 
concentric ring. The detent is energized only when 
the solenoid valve shuts. Synchro transmitters 
coupled to the concentric toothed ring provide 
positional input signals to the control system. 

Billet elevation is from a proportional hydraulic 
system operating a hydraulic ram through a pilot 
valve. ‘The billet height is proportional to the 
pilot valve position. ‘The on-off system positions 
a mechanism coupled to the proportional valve. 


The controls 


Similar on-off control systems control all position- 
ing actions on the manipulator and the press except 
billet rotation. Potentiometers and tachometer gen- 
erators provide both position and velocity feedback 
signals to the control circuits. On the press a cam 
corrected potentiometer driven through a rack and 
pinion generates a voltage proportional to the cross- 
head position. A tach generator on the same shaft 
provides crosshead velocity. 

The crosshead position potentiometer is con- 
nected as one arm of a Wheatstone bridge. In the 
other arm two digital potentiometers set the upper 
and lower limits of crosshead travel, and a third 
rotary potentiometer sets the crosshead rest position, 
clearing it of any billet manipulations within the 
jaws. All three potentiometers are wired in parallel, 
and a relay matrix connects one of these three set- 
points to a 400-cps differential error amplifier. The 
other amplifier input is from the crosshead position 
potentiometer. After phase rectification the de am- 
plifier operates a differential relay to energize either 
the up or down solenoid operated hydraulic valve 
on the press. As the crosshead approaches its de- 
sired position, velocity feedback from the tach takes 
over control to provide an anticipatory switch-off of 
hydraulic power and allow for crosshead inertia. 

Alternative relay connections permit repetitive, 
single, or timed stroke operation of the crosshead 
by switching in new setpoints when relays signal 
that the crosshead has reached its desired position. 

Each of the digital potentiometers setting the 
upper and lower limits consists of a selector switch, 
a diode matrix, and a binary resistor chain. Nine 
relays vary the tapping of 18 resistors. The relays 
switch resistors in and out while maintaining the 
total resistance of the chain constant. The diode 
matrix converts the decimal input value to binary 
to energize the appropriate relays. The upper and 
lower limits of squeeze are set in inches and frac- 
tions of an inch on the programming panels, Figure 
2, by means of coarse and fine dials. 

Similar control systems on the manipulator use 
digital potentiometers to provide billet height and 
traverse position setpoints. Using the same on-off 
differential relay type of control system, the traverse 
system has an additional feature by which the car- 


riage can be progressively withdrawn in 1, 2, 3, or 
4-in. steps. ‘This is done by an extra stepping switch 
arranged to advance a limited number of positions 
equivalent to the desired step. After each press 
stroke this switch feeds a new setpoint into the 
control system. Additional switches set the position 
of return of the carriage after completion of each 
pass. Velocity feedback helps control carriage posi- 
tion within } in. over a travel of 100 in. 

The vertical position of the billet remains con- 
stant during a pass and is set from a potentiometer 
scaled from 0 to 8 in. Billet height is positioned 
within 5 in. 

The control for rotation of the billet employs 
synchros instead of potentiometers. ‘The error sig- 
nal to the on-off control system is generated from 
the position difference between transmitter synchros 
mounted in the control console and on the carriage. 
The setpoint synchro rotor is set by an electro 
mechanical ratchet device. Line frequency pulses 
from a generator trigger a thyratron to advance the 
ratchet one step per pulse. These pulses are summed 
in a preset counter which shuts off the trigger cir- 
cuit. Four cutoff counts can be selected for 15, 
224, 45, or 90-deg rotational steps. The final pulse 
in each count resets the counter after each stroke on 
rotational and helical forging. Rotation of the set- 
point synchro generates an error signal which en- 
ergizes the solenoid operated hydraulic valve. 


Programming 


The experimental programming unit has dials 
on 30 identical panels which allow the information 
for each pass to be set up for press crosshead travel, 
type of crosshead operation (repetitive or single 
stroke), manipulator longitudinal position at the 
start of each pass, incremental feed or bite between 
strokes, angle of rotation between passes, manip- 
ulator height, and type of manipulator motion. 

Pressing the start button connects all energized 
switch positions on the first pass panel to the ap- 
propriate digital potentiometers as their setpoint 
inputs. In the subsequent operating sequence the 
press crosshead first moves to the rest position, and 
the manipulator raises the billet to maximum height 
prior to positioning. After positioning the billet 
correctly in the longitudinal and rotational plane, 
the workpiece is then lowered to the correct forging 
height, and the press makes its first stroke, descending 
to its preset lower limit. After each crosshead re- 
versal the manipulator moves the workpiece pro- 
gressively to a new position. ‘This continues until 
the end-of-pass signal returns the crosshead to its 
rest position and advances the program selector to 
switch the several control systems to the second 
pass input information. To minimize time delays 
in transmission through the stepping switches, the 
switch controlling longitudinal incremental feed is 
advanced during the down stroke, allowing the new 
setpoint to be available on the up stroke. 
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AUTOMATIC MATERIALS 


Vacuum System Pipes 
Bulk Materials 


THE GIST: When William F. Koelle Sons, consulting engineers from 
Philadelphia, tackled the job of designing a modern brewery for a 
South American company, they turned to Fuller for a pneumatic 
grain handling system that would be both foolproof and automatic. 
The system which evolved and its custom-built control panels are 


described on these two pages. 


CARL H. BAST, Fuller Co. 


Pneumatic conveying systems for moving dry bulk 
materials, such as cement, fly ash, grain, sugar, and 
other granular or powdered products, have served 
industry for over 40 years, but the application of 
automatic controls to these systems is of a more 
recent origin. 

A typical example of a well instrumented modern 
installation is the grain handling facility recently 
installed at the Backus & Johnston Brewery in Lima, 
Peru, and shown schematically in Figure 1. Here, 
two vacuum-type pneumatic systems, designated the 
unloading system and the reclaiming system, pro- 
vide clean, safe transfer of three brewers’ grains: 
whole malt, rice, and black malt. 


Unloading system 


Whole malt arrives at the plant in bulk trailers; 
rice and black malt, in bags. There are 14 storage 
silos. The whole malt is sucked from the trailers 
and delivered to any one of 10 silos at the rate of 
1,300 bushels per hr. Rice is picked up at a bag 
dump hopper and delivered to any one of the four 
remaining silos at a rate of up to 35,000 Ib per hr. 
This unloading system also permits recirculation of 
the rice, i.e., withdrawing it from any one of its 
four silos and returning it to the same or another 
rice silo. Black malt, also unloaded from a bag 
dump hopper, goes directly to a single scale hopper 
in the brew house. All unloading operations are 
initiated from a single panel called the unloading 
control panel, but the flow path for the black malt 
is established on a second, or main, control panel. 
Figure 2 illustrates both panels. Note that the 
storage silos are shown on both, but that the piping 
differs. On the unloading panel only the lines into 
the silos and the recirculating lines are shown; lines 
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from the silos to and through the reclaiming system 
are shown on the main control panel. 


Reclaiming system 


Both whole malt and rice are reclaimed from the 
storage silos and delivered to their respective scale 
hoppers in the brew house. ‘Then the grains, along 
with the black malt, pass by gravity through scales, 
polishers (for the whole malt only), and mills to 
their respective holding hoppers below. ‘These op- 
erations are programmed on, and controlled from, 
the main control panel. While the brew house 
now has only four scale systems (one for rice, two 
for malt, and one for black malt), the main panel is 
designed for seven (two for future malt and one for 
future rice). Beyond the scale hoppers parallel flow 
permits simultaneous scale operation. 


Controls 


Custom-built by Fuller Co. to match their pneu 
matic conveying systems, the graphic control panels 
provide for smooth operation of both systems. 
Within the cubicle behind the main control panel, 
a 3-kva control transformer supplies the necessary 
control power, and a separate circuit breaker panel- 
board protects all control circuits. In addition, each 
panel has a key-lock selector switch and lamps to 
indicate whether control power is on or off. All 
motorized pipe switches and turnheads are inter 
locked so that a system cannot be started while its 
pipe switch or turnhead is in the process of re- 
positioning; conversely, when a system is already 
working, its pipe switch or turnhead cannot be re- 
positioned. Alarm horns on both panels signal the 
operator that a storage silo, scale hopper, or holding 
hopper is full. 

A multiple-point strip chart recorder (upper right 
on the main control panel) records the time during 
which a reclainiing valve is open beneath one of the 
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malt storage silos. ‘The actual open period of such 
a valve is controlled by a dial-set timer on the front 
of the main panel. ‘The valves automatically close 
at the end of this preset period. 

‘Two other important instruments on the main 
panel are the scale batch counters and the scale 
batch reset counters. Each of the seven scales has 
continuous batch counters which provide a totalized 
count of batches passing through a given scale. A 
locking arrangement allows only authorized _per- 
sonnel to zero these counters. ‘Thus total batches 
are recorded over a given period, and this record 
becomes part of inventory control. 

Each of the seven batch reset counters counts out 
a number of preset batches. After the required num- 
ber of batches has been counted, the scale, milling, 
and polishing system shuts down automatically. 
Each time the system is restarted, the counter resets 
to its previous setting. ‘This setting can be any 
number of batches up to a maximum of 400. 

As an additional safety feature, oil motion switches 
are used on the feeders beneath the receiver-filter 
units. Their function is to open a circuit and shut 
down the system if for any reason the feeders stop. 


Wy 
Zo 
ale 


2 


ied 


a Calc 


ay 


a 


Q 


FIG. 2. 

Custom-built panels are: 
A—the main control panel 
and B—the unloading con- 
trol panel. 
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Operating restrictions 


This grain facility, like most materials handling 
systems, has a number of operating restrictions. 
Some of these were demanded for reasons of safety, 
others by economical considerations. For instance, 
the unloading and recirculation of rice cannot be 
performed simultaneously since these operations 
time-share a single receiver-filter unit. Rice cannot 
be recirculated and reclaimed at the same time be- 
cause these operations time-share a common line 
beneath the rice storage silos. Nor can reclaiming 
and black malt unloading be done at the same time, 
because here again the operations use the same 
receiver-filter. ‘These are examples of restrictions 
imposed by economic considerations. On the other 
hand, to assure safer operation, materials unloaded 
from the truck position cannot accidentally be de- 
livered to the rice storage silos nor can rice be 
delivered to any of the malt silos. Likewise, material 
reclaimed from the malt silos can be delivered only 
to malt scale hoppers in the brew house, and mate- 
rial reclaimed from the rice silos can be delivered 
only to rice scale hoppers. 
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WURLITZER 


A reliable miniaturized relay featuring anti-vibration design 
and application flexibility 


This new Wurlitzer Reed Relay incorporates shock and 
vibration resistance, zero mechanical coupling to support, 
and closely controlled response and hold regions. 

Twin reed configuration based on tuning fork concepts 
makes the Wurlitzer Reed Relay highly resistant to false 
operation from shock or vibration. 

Sensitivity is less than 1.0 milliwatt. 

32 channels at 4% increments between 300 to 1000 cps. 


Frequency variation is less than 44% from —60°F to 
+150°F. 
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DR-5 RESONANT REED RELAY 


Has application in: * Frequency Sensing and Measurement 

¢ Selective Tone Communication and 

Control Systems 
* Frequency Generation 
¢ Controlled Sequence Contacting 
Applications 

* Speed Control 

* Ground Station Telemetering 
Available in uncased, hermetically sealed, and plug-in 
models for frequency range of 300 to 1000 cps. Other 
frequencies available on special order. 


Inquiries Invited 

ELECTRONICS AND DEFENSE PRODUCTS DIVISION 
THE WURLITZER COMPANY 

North Tonawanda, 

New Vork 
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RO STAMETERS 
=) #9790 FLOWRATOR METER 


Push-down, pull-up and this flowmeter 
with the snap-in tube is all set to go. Has 
the amazing tempered metering tube that, 
takes 50% higher operating pressures. Un- 
equalled convenience and economy saves 
users 50 to 75% on inventory. 


NEW!NEW!NEW! 
MWiinirator 


METER 

















The very finest meter for 
low flows it has ever been 
this company’s pleasure 


unparalleled easy reading. 
Needless to say, this gem 
of a meter sports the 

















to announce. Choice of 
114" scale to fit the tight- 
ak crevice, or 4” scale for 


famous F&P snap-in 
metering tube! 


METER 


Stamp-out flowmeter extensions with the 
Magnarator! No pipe turns. . . no recessed 
areas where products can congregate. 
Not merely an indicator, but a linear 
pneumatic transmitter as well! 


Indicator 


METER 


Makes the popular armored flowmeter 
more useful than ever before. Magnetic 
coupling converts float position to pointer 
position on a horizontal segmental scale of 
the very latest design. 
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FOR ACCURACY 


She frrocess accountant 3 friend 
~~ 
Unequalled accuracy over the widest 
range of flow! Unparalleled selection 
of transistorized readout devices. 


Is it any wonder that the Fischer & 
Porter turbine meter is the natural 
choice of the cognoscenti for feed to 
batch processes . . . for in-line blend- 
ing ... for “‘cash-register’’ metering 
. and other demanding jobs? 
SSR Ce 


JH “a a friend to all who 
need precise frow tnforanation 
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MAGNETIC 
FLOW METER 


— AMAZING — 


An unobstructed length of pipe 
that measures the flow of even 
the least conductive fluids by 
the invisible magnetic field! 
Extends the range of accurate 
flowmetering to heretofore un- 
believable limits. 
YOUR ATTENTION INVITED 

to the new fully transistorized 


indicator-recorder for the above- 
mentioned magnetic flowmeter. 
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«20k INT ES WA 8e» 
ELECTRONIC INSTRUMENTS 


Have you seen the Compatible Transmitter? | 
Have you seen the Electronic Indicator-Recorder? 
Have you seen the Electronic Controller? 


Have you seen the Electronic Control Station? 


When you see the new F&P electronic rigorous that we have ever devised. 
control system you will find that the full When our electronic instruments are re- 
promise of electronic control leased for your use, they will 
can at last be realized! : have been proved in actual 
You can SEE the system operation. 

now. You will be able to put It is the determination of 
it to work in your plant the the house to send out noth- 
very minute that field tests ing but what is of the high- 
are completed. These tests est possible quality and de- 
are the most extensive and pendability. 
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PNEUMATIC 


INSTRUM ENTS 


DP TRANSMITTER 
53P CONTROLLER 
MINIATURE INSTRUMENTS 


BELLOWS METER 
~ e+ @e 
With all due modesty we direct your valued 


attention to the estimable selection of F & P 
pneumatic control instruments available for your 
delectation. 


No mere flowmeter manufacturer, WE ARE AN 
INSTRUMENT COMPANY! We offer instru- 
ments to measure not merely flow, but tempera- 
ture, pressure, level, density, viscosity, consis- 
tency ...a veritable panoply! 


We have instruments to convert such measure- 

ments to accurate pneumatic signals .. . to 

populate the control panel itself ...a selection ¢ < 

so wide, deep, and varied as to make the head ( | 

swim and the spirits cry out. : 
UI 
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May we be so bold as to suggest that in our 
collection you will find an instrument for every 
kink in the knottiest of control loops? AINSTER. PEND 








LTD., 1457 MALVERN ROAD, TOORONGA, S.E. 6, VICTORIA, AUST 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering 


designs to the far corners of the earth: FISCHER & PORTER LTD. 
INGTON, CUMBERLAND, ENGLAND « FISCHER & PORTERG mbH, 
ELLERSHAUSEN, BE! GOTTINGEN, GERMANY « FISCHER & PORTER - 
KOMEETWEG 11, THE HAGUE, NETHERLANDS « FISCHER & PORTER 
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KEY to functions performed by 
Bailey 700 Systems 


A — Analog A/D — Analog and Digital 
D — Digital s — sense and measure 
d — display (indicate, record and/or log) 
m — monitor (scan and alarm) 

p — produce stored information for future 
use (tape, cards) c—-compute r—control 


@ instalied @ Onorder 


LOCATION TYPE FUNCTIONS 





. Chelan Co., Wash. sdm 


. Chelan Co., Wash. sd 


























. San Francisco sdc 
. Salinas, California 


. Los Angeles 








. Glendale, Ariz. 











- Alameda, N. M. 





. Amarillo, Texas 





. Smithers Lake, Tex. 

. Orange Co., Tex. 

- Bronte, Tex. 

. Sioux Falls, S. D. 

. Oklahoma City 

. Harrah, Okla. 

. Muskogee, Okla. 
Lafayette, La. 

+ Jackson, Miss. 


Cleveland, Miss. 
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. Memphis, Tenn. 

. Paducah, Ky. 

- Suliivan, Ind. 

. Graham, W. Va. 

. Ashtabula, Ohio 

+ Monroe, Mich. 
Rochester, N. Y. 
Ludiowville, N. Y. 


. Buchanan, N. Y. 
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Fairless Hills, Pa. 


Wilmington, Del. 
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. Washington, D. C. 
Hamilton Twp., N. J. 


32. N. S. Savannah 
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BAILEY 2700 


ANALOG AND DIGITAL SYSTEMS IN ACTION 


Installed or under construction, Bailey 700 Analog 
and Digital Systems are IN ACTION TODAY 
from coast to coast, providing integrated instru- 
mentation systems accurately tailored to specific 
needs. 


Note the variety of functions performed in these 
installations. Basic ingredients of all are electronic 
modules housed in standardized electrical cabinets, 
as shown here. This permits any combination 
of control, information or computing system ele- 
ments to be combined and expanded as required 


QUICK FACTS BY TWX... 


For name and IMMEDIATE details on installation 
of greatest interest to you, fill in number of location 
from map and have your TWX operator send this 
message: 

WKLF 522 

PLS SEND 700 SYSTEM DETAILS FOR LOCATION... 
PROCEED IMMEDIATELY WITH REPLY AT CONCLUSION 
OF THIS MESSAGE. 


Name 


Company 


City 


© 


1960 


® 


to perform specific functions in individual in- 
stallations. Wiring and maintenance is simplified 
—operator’s console is freed of bulky equipment. 


Ask your local Bailey engineer to arrange a visit 
and demonstration of a Bailey 700 System located 
near you, or at Cleveland. Or gt IMMEDIATE 
details on the installation of greatest interest to 
you, by TWX—just jot down the number of the 
location you select on message form below and 
hand to your secretary. Reply will be transmitted 


at end of your message. 
G153-2 
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15 MINUTES 


New Leslie Cage Trim Control Valve is Designed for 
Today’s Use and Tomorrow’s Changes. 


Here’s a control valve designed in steel and alloy steels 
that offers new assurance the valve you initially specify 
and install will always fit an application—even if changes 
in plans or future system changes might ordinarily call 


for complete valve replacement. 


The new Leslie cage trim valve allows complete trim 
inspection in 15 minutes without removing the valve from the 
line. You can also switch valve action or size of actuator. 

Or, change valve characteristic or trim materials at will with 
an inexpensive interchangeable trim kit that reduces spare 
valve and valve parts inventories. Cage trim cuts maintenance 
and system modification costs to the bone—it’s the kind 


of valve that makes foresight almost as good as “hindsight”. 


For sizing and capacity data on cage trim control valves, 
write for Bulletin or contact your Leslie Engineer—he’s 
listed under ‘Valves’ or ‘Regulators’ in the Yellow Pages. 


Leslie Co., 722 Grant Ave., Lyndhurst, New Jersey 


A Unbalanced valves up to 
2500 Ib ASA ratings. 


B Piston balanced valves up to 
600 ib ASA ratings. 


C Double seated control valves 
to 600 Ib ASA ratings. 


D High pressure-high temperature 
control valves. 


£ Angle body control valves. & B 
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Flanged, thru-bolted stuffing box 


no lubricator needed with 


lLeslie-Lubrisoft® or 
Teflon V-Ring packing 


Long-Life, Stellite seating 
surface on renewable seat 


insert for steam Wide 

Selection of alternate corrosiar 

and erosion resistant materials 
fox othe 4D atior 


Corrosion-erosion resistant 
materials in ASA rating from 
150 to 2500 Ibs. Select from 

a wide line to meet present of 
future system requiréments, 











aa 


a) 
x 





Actuators for normally open. 
or narmally closed valves 
with 35, 55, 85 and 135 . 
square inch effective areas 


= ‘ a 


Interchangeable inner valve 
shapes and materiaés -- choice 
of needle piugs, V-port. -, 
quick Opening, micro taper 


High Capacity Body anyend > 
connections in '2 to 3° sizes 

















FOR SYSTEMS OF NAVIGATION, GUIDANCE, TRACKING, 
COMMUNICATION, DETECTION, RANGING, COMPUTATION 


Original Bowmar concepts in servo design and packaging 
are playing an important role in space navigation to make 
“way-side” landmarks out of celestial bodies. 


Achievement of these objectives becomes more evident 
as the nation’s leaders in space and flight control systems 
increasingly utilize Bowmar’s collateral engineering skills, 
production faciiities, and servo packaging hardware. 


With strong accents on reliability, Bowmar has step by 
step improved the state of the art in precision control, 
guidance, computation, and communications packages 
while contributing to extraordinary reductions in system 
weights and sizes. 


Bowmar skills have been demonstrated repeatedly in sys- 
tems for many of the nation’s most important aircraft, 
missile, and rocket programs. This has been achieved by 


Bowmar’s knowledgeable grouping or packaging of com- 
ponents into complete functional assemblies, ready to 
perform system thinking processes. 


These engineering skills and expanding facilities are 
readily available to help reduce system weight and size 
while improving reliability. 

Bowmar’s technical and administrative staffs welcome the 
opportunity to demonstrate how these skills may be ap- 
plied to your precision control, guidance or computation 


systems. Your specific inquiries are invited and will receive 
prompt replies. 


Write for Newest Handbook and Name of 
Nearest Bowmar Representative 


INSTRUMENT CORPORATION 


8000 BLUFFTON ROAD ° 


FORT WAYNE, INDIANA 


PRECISION ELECTROMECHANICAL CONTROLS AND INSTRUMENTATION, 
SERVOMECHANISMS, PRECISION MINIATURE GEARHEADS, 


NAVIGATIONAL COUNTERS, INDICATING DEVICES 
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DIGITAL DATA SYSTEMS 
adapt to existing analog devices 


Photos at the right illustrate some of the compatible 
modular elements recently developed for use in synthesiz- 
ing a variety of digital data systems. Elements shown in- 
clude (from top to bottom): a shaft-position analog to 
digital converter adapted for use with a standard GE 44-in. 
switchboard instrument; a similar converter designed for 
use with a Rochester 6-in. bimetallic dial thermometer; a 
shaft-velocity converter directly coupled to an anemometer; 
and a logic unit designed to accept start, stop, and informa- 
tion pulses from the above converters. 

The basic shaft-position transducers are compact dial- 
reading instruments which mount directly on standard 
pointer-type instruments. Four signal wires and a common 
return connect each transducer to the central logic unit. 
On an “interrogate” command a motor-driven arm sweeps 
the path of the dial pointer. It carries a lamp and photocell 
along with contacts that wipe a stationary commutator disc. 
As the arm passes a zero reference point, a “start count- 
ing” pulse goes out. This is followed by a series of infor- 
mation pulses corresponding to dial divisions. When the 
arm reaches the pointer, a mirror attached to the pointer 
activates the photocell, sending a “stop counting” pulse to 
the logic unit. 

In the shaft-velocity instruments the photocell is fixed 
and a disc with equally spaced mirror segments is mounted 
on the rotating shaft. Here the start and stop pulses are 
spaced by a precisely timed interval, so that the informa- 
tion pulses generated are a true indication of shaft speed. 

Another device available but not shown here is a pulse 
rate converter which consists of a simple amplifier pulse 
shaper and an accurate time interval generator. This unit 
is designed to provide output signals equivalent to those of 
the shaft-position and shaft-velocity transducers that are 
described above. 

The logic unit, heart of any system using these compo- 
nents, receives start pulses, information pulses, and stop 
pulses from the active converters. A 150-ma, 12-vde signal 
passes through an automatic (or manual) selector switch 
to the converters and sequentially “interrogates” each one. 
Its operating sequence assures maximum reliability of data. 
After the “interrogate” signal there is a short delay during 
which the logic unit ignores any incoming information 
while the converter’s motor comes up to speed. A cascaded 
decimal counting unit, housed with the logic unit, is gated 
on when a start pulse is received. It totalizes information 
pulses until a stop pulse closes the counter gates and pro- 
duces a “data complete” signal which may be used to 
initiate a recording cycle, telemetering transmission, or 
visual readout. Should these events fail to occur within 
a specified time, a “nonvalid data” signal is generated. This 
can then be used to block readout of false data—Advanced 
Instrument Corp., Richmond, Calif. 
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For framing. . 
for attaching components 


«++ USE THE NEW 


UNISTRUT. 


FRAMING SYSTEM 


With units like the flight simulator cabi- 
net above, achieving compact design and 
efficient production can be a problem. 
Use of UNISTRUT metal framing large- 
ly eliminated such problems for t 
manufacturer. There was no costly pre- 
fabrication of the framing. No precision 
layout or drilling was needed to secure 
the many components and wiring. 

Advantages like these are why the 
UNISTRUT system is finding increas- 
ing use as framing and supports in elec- 
tronics and instrumentation production. 

The patented UNISTRUT spring- 
held nut which rides in an open slotted 
channel makes it possible to attach com- 
ponents of any size or shape—from ser- 
vos to sea ty a Ye eg dt on 
the channel. Model changes are easy. 

UNISTRUT steel and aluminum 
channel in dozens of sizes . . . plus over 
1400 standard fittings are "stocked by 
your local Unistrut distributor. See him 
or write for complete information. 


TO FRAME—panelboards, racks, cabinets, cubi- 
cles, stands, 3-dimensional breadboards. 

TO SUPPORT—controls, instruments, equip- 
ment, harnesses, panels, printed circuit card 
guides. 





Mr. Strut says: 
“Fast local service is a UNISTRUT plus. 
Everything you need is always in stock at 
your local Unistrut distributor—pius engi- 
neering help.” 


UNISTRUT. 


Pioneer in Adjustable Metal Framing 


UNISTRUT PRODUCTS COMPANY 


General Offices: 943 W. Washington Bivd., Dept C,Chicage, III. 
Telephone: a yey Teletype CG 1329 
Goiie terion distributor: wd gm oh r+ Rs the 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


HANDLES 300,000 A SEC 


A newly announced digital tape sys- 
tem is capable of character transfer 
rates of 300,000 per sec. Total storage 
greater than 300 million bits is pos- 
sible on one 6-in. reel of 1-in. wide 
magnetic tape. A dual-bin tape stor- 
age transport design allows unusually 
low average access times of 20 sec; 
start and stop times of less than 14 
millisec are possible. A new tape slot 
guide achieves digital densities of at 
least 1,000 phase modulation bits per 
lineal inch. It also holds total skew 
to a maximum of 3 microsec across 
l-in. tape at 150 ips. Speeds to 
300 ips are available. The TD 100 
system mounts in 72 in. of standard 
24-in. rack space.—Shepherd Indus- 
tries, Inc., Nutley, N. J. 
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COMPACT PRINTER 


This Model 1453 printer records read- 
ings displayed on the manufacturer’s 
counters and prints up to 12 digits 
at high speeds on paper tape. Printer 
delays counter only 4 sec to collect 
data. Two sets of data can be separ- 
ated by calling for either black or 
red printout. Standard 1-2-4-8 binary 


code or the counters’ 1-2-24 code 
can actuate the device. Unit occupies 
only half of an 83-in. panel height 
in a standard 19-in. rack. Basic price: 
(seven digits): $975, with adapter to 
hold other equipment in half of 19-in. 
rack: $1,045; additional digits up to 
12 are priced at $50 each.—Beckman 
Instruments, Berkeley Div., Rich- 
mond, Calif. 
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BELT PICKS FIGURE 


This new indicator uses the position 
of holes in a moveable message belt to 
decode input signals. Inputs may be 
manual or semiautomatic single wire, 
4-wire binary, or 10-wire. Belts are 
translucent Mylar, backlighted by 
cold cathode lamps, and carry photo- 
printed digits, letters, symbols, or 
complete multiword messages. Input 
initiates drive motor until a_prese- 
lected series of holes in the belt are 
positioned under a series of brushes. 
Positioning is exact. With up to 10 
characters on the belt, maximum time 
of change between most remote char- 
acters is 9 sec. Indicator visual areas 
from % x 14 in. to 40 x 4 in. are avail- 
able.—Electric Indicator Co., Inc., 
Springdale, Conn. 
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PACKS IN FEATURES 


This solid state magnetic tape recorder, 
reproducer has the features of larger 
instruments in a small package that 
is easily transported or rack mounted. 
Only 22% in. high by 172 in. wide 
by 15 in. and weighing only 150 
Ib, the Type PR-2300 is used with 
a ‘matching case of the same depth 
and width but 3é in. high that holds 
14 plug-in record or reproduce am- 
plifiers and weighs about 5 lb. Six 
speeds from 1% to 60 ips are available 
and are held constant within 0.25 
percent. Input range for the direct 
system is 0.25-25 volts rms for normal 
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THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 
NIKE ZEUS 
SPARROW | 
SPARROW II 
SPARROW II! 
NIKE HERCULES 
SIDEWINDER 
REGULUS I! 
VANGUARD 
REDSTONE 
JUPITER C 
PERSHING 
BULL PUP 
MERCURY 
TERRIER 
\ POLARIS 
TARTAR 
CORVUS 
FALCON 

















“D* Unique White Rooms’ 
Improve Miniature Ball Beating Reliability! 


In these rooms infinitesimal air-borne contaminants 
are scientifically whisked from the air . . . away 
from super-precision miniature ball bearing parts. 
New Departure’s White Rooms date back nearly 
twenty years. And today, they're a major factor in 
N/D's growing recognition as a leader in M/I ball 
bearing reliability. 

At N/D, miniature ball bearings are completely 
assembled in properly humidified, temperature con- 
trolled atmospheres. Advanced air filter systems 
completely change the air in these spotless rooms 
every few minutes. In addition, pressurized access 


air locks and individual counter-top pressurized 
chambers are used by N/D's skilled technicians 
during final assembly and statistical inspections. 
These methods and equipment are only a few of the 
reasons why more and more major missile con- 
tractors, today, rely on New Departure Miniature 
and Instrument ball bearings. 

If you are working on a new miniature ball bearing 
application where reliability is critical, include an 
N/D Sales Engineer in your design discussions. Call 
or write Department L.S., New Departure Division, 
General Motors Corporation, Bristol, Connecticut. 





A DON’T MISS N/D’S EXHIBIT! 
BOOTH 207 
INSTRUMENT SOCIETY OF AMERICA EXHIBIT 
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MINIATURE © 1 UMENT BALL BEARINGS 
proved reliability you can build around 
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HERMES TIMING EQUIPMENT 


Series 2000 


Model 220 


Model 230 


Hermes 
ELA OC TRON TS. S 
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. | Itek 


Just set the dials — 


does the rest! 


Companion Units for All 
Types of Recording Media 


Hermes companion units provide automatic in- 
dexing during data acquisition, and high speed 
access to selected data during data reduction. 
Auxiliary equipments provide additional auto- 
matic features. 


DIGITAL TIMING GENERATOR, MODEL 270, is a solid-state 
instrument that generates binary coded decimal sig- 
nals and records them on magnetic tape, providing a 
precise digital index in terms of elapsed time. Exact 
time in hours, minutes, and seconds is displayed in 
illuminated digits. A solid-state Airborne Generator, 
Model 206A, meeting essential requirements of 
MIL-E-5400, is also available. 


UNIVERSAL MAGNETIC TAPE SEARCH UNIT, SERIES 2000, is 
used to control a magnetic tape transport during 
periods of data reduction for automatically searching 
the tape on the basis of time indices previously re- 
corded. Changing from one time code to another is 
accomplished by changing time code detectors. All 
tape times are displayed in decimal regardless of tape 
time code format. 


RETARDED BIT RATE UNIT, MODEL 220, operates in con- 
junction -with Timing Generators, Models 270 or 
206A to provide a pulse-height, pulse-width signal 
for recording time on other than magnetic tape re- 
corders. Operating with Tape Search Unit, Series 
2000, it can reproduce previously recorded time on 
oscillographs. 


RUN CODE SELECTOR, MODEL 225, is used with either 
Model 270 or 206A Timing Generator for inserting 
data run code numbers, or year, month, and days in 
between timing words. 


TAPE SEARCH PROGRAMMER, MODEL 230, is designed for 
automatically programming Tape Search Unit, Series 
2000, in searching for several sequential start and stop 
times. The input to Model 230 can be from any digital 
programming device such as a paper tape reader or 
computer, 

Write for Technical Bulletins 
on Hermes Timing Equipment 


co. 





E 
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WHAT’S NEW 


record level; frequency response is 
100 cps to 100 keps +3 db at 60 ips. 
Input range for an FM system is 
0.5-50 volts rms for 100 percent mod- 
ulation. Frequency response ranges 
from 0-10 keps -=£0.5 db at 60 ips to 
0-312 cps +0.5 db at 1% ips.—Con- 
solidated Electrodynamics  Corp.. 
Pasadena, Calif. 
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50 TIMES FASTER 


A new analog to digital converter, 
claimed to be 50 times faster than 
any similar unit now on the market, 
is capable of speeds to 2.5 million in- 
formation samples per sec. Less than 
1 cu ft in size, the device is said by 
its designers to be only a starting 
point: they predict that speeds of 10 
million samples per sec are easily 
attainable. Accuracy of the present 
model—4 percent of full scale—would 
still be possible—Raytheon Co., Wal- 
tham, Mass. 
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RECORDS PRODUCTION 


The two-channel time recorder shown 
above is designed to record and com- 
pare productive time of plant and 


office equipment. ‘The single strip 
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Nothing is lost in the translation with Benson- 
Lehner’s new Machine Language Trans/ator. What is 
gained, however, with this new solid-state instrument 
is the ability to translate machine languages. The 
Translator will automatically convert data in 


one digital code or form to, 1) output in another 


1079.113 = 


eeeeoeeeeeeeeeeeeeeeeeeeneeneee 


600.116 x 9494 2.4 
* 


WIIIIII IIIT AVOOUU 8 6 8 AAU eee 


digital code or form, or 2) to a signal suitable for 
input into any Benson-Lehner Electrop/otter or 
similar device. Translation speeds are dictated by 
the input and/or output modes, i.e., operating speed 
in conversion of digital magnetic tape to graphs is 
limited by the speed of the graphing instrument. If 
yours is a problem in converting digital data to 
graphs or getting any format of recorded digital 
data to talk to any other format, let us know. We 
will make up one of these for you...fast. Write to: 
=(benson-lehner corporation, 
1860 Franklin Street, Santa Monica, California. 
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GREATEST FLEXIBILITY IN POWERED CONTROLLERS! 


THE NEW dao 
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5- 75 Lbs. 
15-150 Lbs 
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Pneumatic 
SIZE STROKE 
13 sq. in 9/16" 


Bellows 
P25 39, Tn 
Bellows 
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Adding the precision performance of pneumatic control to 
the ruggedness and simplicity of our famous self-ops, the “one- 
package” FultroMatic gives positive control for process tempera- 
tures or pressures, with wide choice of ranges . . . at about half the 
cost of 2- and 3-unit systems. For complete data, write today for 
Bulletin GW-755. Fulton Sylphon Division, Robertshaw-Fulton 
Controls Co., Knoxville 1, Tennessee. 


MR CONTROLS 
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NEW PRODUCTS 





chart carries space for the graph of 
the operating patterns of two ma- 
chines, two functions of one machine, 
Or any two processes. A distinction 
may be made between productive time 
and idling time. A totalizer furnishes 
continuous sum of productive time in 
hours and tenths or minutes and 
tenths. Chart speeds are 1, 4, 12, 
or 60 in. per hr. Slower charts are 
available to run four months without 
change. Price: $95.—Standard Instru- 
ment Corp., New York, N. Y. 
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PLUS 


(316) A new series of transistorized 
counters employing digital logic tech- 
niques to register inputs at rates to 
100 ke is available from Datex Corp., 
Monrovia, Calif. . . . (317) Keinath 
Instrument Co., Columbus, Ohio, has 
introduced a new type of multiple re- 
corder and annunciator that displays 
on one chart all the variables in the 
most complex process. . . . (318) 
A photoelectric block-reading tape 
reader that stresses minimum mainte- 
nance and can read up to 80 bits 
simultaneously at speeds to 6 blocks 
per sec has been announced by Photo- 
circuits Corp., Glen Cove, N. Y. 
Circle Nos. 316, 317, 318 
on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


i 4 
TELEMETRY CALIBRATION 


The new Model 202 signal simulator 
simulates a precise PAM or PDM 
serial pulse train, and the Model 203 
simulates PAM-NRZ as well as PAM 
and PDM for use in calibration of 
telemetry ground stations and data 
processing equipment. Besides the 
IRIG standard pulse rates, these units 
offer an extended range of 20 to 
7,200 pps. Both negative and positive 
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Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 
certified “explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 
designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 
National Acme’s dependable SL2 “‘Machine Life” Limit Switches, the 


e i 
SL2X also offers ... a variety of cam arrangements for extreme opera- we es t 4  ° | | 


THE NATIONAL 


ting flexibility . . . ample overtravel (67°) and by-pass (90°) . . . light ft was amonens 
operating pressure (12% lbs. at 1%” radius). Get all the details on this new € tal e Sevan a ome 
standard of limit switching dependability and safety. Call, write or wire. sales Offices: Nework 2, N. J., Chicage 6, lil., Detroit 27, Mich. 
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A pair weighs 0.73 grams; they are .380 


square; there are 12 gold-plated beryllium § 
copper contacts on .075 centers: this is } 

Micro Mod, AMPHENOL’s new connector 
family for modular circuitries! | 


Available in two constructions, Micro Mod 
can be used with module (“or stick”) circuits 
or in cable plug applications—wherever 
micro-miniaturization must be combined 
with outstanding reliability. 


96-4 plug is used with 96-3 receptacle; the 
latter is supplied less contacts—the module 
leads are used to form the female contacts. 
96-2 plug is supplied with a polarizing 

key assembly, mates with 96-1 receptacle. 
Small quantities of Micro Mod connectors 
} can now be ordered for evaluation. 


Cataloging is available for your use. 


cd 


| 


‘AMPHENOL CONNECTOR DIVISION 


1830 South 54th Avenue, Chicago 50, Illinois 
Amphenol-Borg Electronics Corporation 
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NEW PRODUCTS 


output signals are available. Linearity 
and stability are within 0.20 percent; 
noise and crosstalk are within 0.1 per- 
cent. Both models are 5.25 in. high 
and fit a standard 19-in. rack—Tele- 
metrics, Inc., Gardena, Calif. 
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DIGITAL READING 


Claimed to be the only microwave 
frequency meter that indicates fre- 
quency directly on a digital counter, 
the new device shown above features 
ease of rapid, precise reading. High-O 
cavities are precision bored and cou- 
pled to the narrow wall of a section of 
the waveguide. The unit is designed 
so that it is electrically equivalent to a 
straight section of waveguide when de- 
tuned (VSWR = 1.05 except at reso- 
nance). At resonance a small amount 
of power is reflected, and there is at 
least a 10 percent dip—over the fre- 
quency range—in the _ transmitted 
power. Three models for the X, KU, 
and K bands are priced at $195, $250, 
and $275, respectively.—Narda Micro- 
wave Corp., Mineola, N. Y. 
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ACCURACY TESTER 


This new system error bridge is a de- 
vice designed to test the steady state 
accuracy of flight control systems 
that receive their input from synchros 
or resolvers. The rack mounted in 
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TELE CHROME 
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HIGH POWER 


IN SMALL PACKAGES 


1463 Series Transmitter Model 1460-M RF Amplifier 


51%, xn 3'¥,' x4 3.37” 2 3.25” x 2” 
15 to 30 Watts , 2 Watt input; 10-30 Watt output 


1466 Series RF Amplifier eries Transmitter 800C-—Sub Carrier Osciilator 


1.5” x 1.9" x 2.45 
6.5’ x 4” x 3.25°* RF Amplifier Sa” Se Dev. Stab 1% band width 
p 
2 watts in — 100 watts out 50 to 80 Watts Dev. Linearity: Less than 
1% band width 


+ 
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| NEW PRODUCTS 


trument allows angular inputs to be 

dialed into the autopilots. For the 

test the unit replaces the vertical gyro- 

scope and magnetic compass. 
Characteristics: 

Range: 0-360 deg continuous 

Resolution: 4 sec of arc 

Absolute accuracy: 20 sec of arc 

Size: 19 in. wide by 104 in. high 

by 8 in. 

—Theta Instrument Corp., Saddle 

Brook, N. J. 
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ACTUAL SIZE 


New Panel Meters by DeJUR 





TESTS SYNCHROS, RESOLVERS 
The console pictured above is a highly 
accurate, semiautomatic unit for test- 
ing 400-cycle resolvers, syncro trans- 
mitters, differentials, and control 
transformers. It consists of a phase 
sensitive voltmeter, filtered vtvm; and 
relay, transformation ratio, and power 
supply modules. Accuracies of test 
regimes are: input voltage, 2 percent; 
input current, 2 percent +1 ma; rms 
and fundamental nulls, 2 percent +2 
my; transformation ratio, 0.2 percent; 
composite error from EZ, +30 sec. 
Size of unit is 50% x 21% x 22 in— 
Kearfott Div., General Precision, Inc., 


Offer Improved Reliability and Readability 


Now, DeJur has designed high precision and complete reliability 
into a standard, off-the-shelf panel meter for original equipment 
and replacement applications. A wide arc scale plate combined with 
the modern, streamlined case provide improved readability and 
attractive appearance. These internal core magnet units develop 
greater torque and are self-shielding. Model 25 instruments are 
available as DC and AC Microammeters, Milliammeters, Ammeters 
and Voltmeters...these units soon available through your 
distributor. 


SPECIFICATIONS 


ACCURACY ........ +2% of Full Scale 
CALIBRATION Mounts on Panel 
of Any Material 

2%” Long 

External 


TERMINALS . . Threaded stud type, #8-32 


MOUNTING HARDWARE 
nuts and three #4 lockwashers supplied 


CASE .............Plastic, not sealed 
MOUNTING DIMENSIONS .. .3-Hole per 


Little Falls, N. J. 
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(other shapes on order) EXTERNAL MAGNETIC EFFECT .....NIL 


SPEEDY PULSE GENERATOR 

Designed for use in design and test of 
high speed pulse circuitry, the new 
Model 4550A pulse generator is cap- 
able of 10-Mc pulses. A double pulse 
version, the 4565A, is also available. 
Although intended primarily for the 
megacycle region, the units perform 
well also in the low and medium 
ranges as general purpose test in- 
struments. Repetition rate is variable 


e@eeeeeseeeeee Write for detailed literature on complete lines eeeeeeeeseses 


You’re always sure with 


DeJUR 


ELECTRONIC COMPONENTS 


eee Manufacturers of Precision Electronic Components for Over 35 Years ** # # # ¢ © 


ELECTRONICS DIVISION 
DeJUR-AMSCO CORPORATION 
45-01 NORTHERN BOULEVARD 

LONG ISLAND CITY, N. Y. 
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1960 


Model 10-E 


Model 120-F 


PEGASUS for the Finest in 
Industrial and Aircraft Servo Valves 


Pegasus Industrial and Aircraft Servo Valves utilize a powerful force motor and 
frictionless spool boost system which requires very low input power yet provides 
extremely high valve spool drive stiffness. 


This high spool drive stiffness, as well as the completely symmetrical design, 
insures fine sensitivity without dither and low null shifts over large ranges of 
operating pressure and temperature. 


Only 10 micron filtration is required for long, reliable performance. 


Pegasus valves are now being shipped with complete electrically recorded data 
on the flow gain, linearity, hysteresis, leakage, pressure gain and sensitivity, to lower 
your receiving inspection costs. 


PEGASUS LABORATORIES 


DESIGNERS AND MANUFACTURERS OF ELECTRO-HYDRAULIC SERVOMECHANISMS 
3690 W. ELEVEN MILE ROAD ¢«. BERKLEY, MICHIGAN 
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Precision 'T'emperature 
Probes ......at off the shelf prices! 


218 


Want low cost temperature probes on short notice — without sacrifice 
in quality? Rosemount Engineering Company now offers high-perform- 
ance platinum resistance temperature sensors from stock. 


MODEL 179A 

Sensing element fully supported, mount- 
ed in ceramic insulation. Stainless steel 
guard tube with additional support at the 
element tip gives maximum protection 
from flow. 


MODEL 179A 


MODEL 152T 

Sensing element supported by a light 
cage and exposed to working fluid to give 
MODEL 152T extremely fast response in fluids which 
. are not electrical conductors. Element 
protected by stainless steel guard tube 
with additional support at the element 

tip. 

Fourteen stem lengths and 6 different fittings of each model avail- 
able. These immersion probes have wide application in research, devel- 
opment and industrial process controls. Recommended for use in most 
hydrocarbons, gaseous or liquid air, oxygen, nitrogen, hydrogen or 
helium. Sensing elements, of precision platinum, are calibrated at 
liquid helium point and the ice point. General specifications: 


® Temperature Range — from —435°F to 500°F 
® Stability — Stable within 0.20°F at 32°F 
@ Pressure — 6,000 psi maximum 
® Element Length — from 144” to 2%”, in 44” increments 
© Time Constant — 152T — 0.2 seconds Dow Corning No. 200 
179A — 0.5 seconds 1.5 CTSK Oil 
© Resistance at 32°F — 152T — 200 ohms 
179A — 500 ohms 
For additional information write for advance bulletin number 5603. 


Plus Circuit Modules 


Rosemount also offers a series of preassembled circuit components, 
featuring small size and durability. Built to meet environmental 
requirements of MIL-E-5272 and MIL-E-8189. 


® General purpose amplifier, Model 510A, 40 db 
voltage gain minimum, 10 cps to 100,000 cps, 
—55°C to 125°C. 

© High impedance input amplifier, Model 511A, 20 
db power gain, input impedance greater than 1 x 
106 ohms, 10 cps to 50,000 cps, —55°C to 125°C. 

© Power supply, Model 531A, 117 volts, 400 cps; 20 
volt DC regulated, 10 milliamperes, 0.1 percent 
ripple, —55°C to 125°C. 

© Rectifier-filter, Model 532A, diodes and RC filter 
for two full wave DC supplies. Rated 30 volts DC 
each at 0.1 percent ripple, —55°C to 125°C. 





For additional information write for advance bulletin 
46028. (Size 1 x 1 x 1 Inch) 


ROSEMOUNT ENGINEERING COMPANY 


4900 West 78th Street, Minneapolis 24, Minn. 
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10 mcps to 100 cps; delay is variable 
0.02 to 1,000 microsec; duration is 
variable 0.05 to 1,000 microsec; rise 
time is less than 10 millimicrosec; and 
output amplitude is 12 volts open 
circuit, 8 volts into 180-ohm load.— 
Electro-Pulse, Inc., Culver City, Calif. 


Circle No. 323 on reply card 


DETECTS DEFECTIVE TAPE 


Able to detect tape defects as small 
as one bit length at speeds to 150 ips 
and packing densities as high as 1,500 
bits per in., the Model 3320 magnetic 
tape tester is composed of standard 
components plus a tester logic unit. 
A pilot lamp lights to indicate defect 
and the transport stops on the fault, 
which is easily accessible for inspection 
and repair—Potter Instrument Co., 
Inc., Plainview, N. Y. 
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AUTOMATIC TESTER 


Completely automatic, high speed 
testing of transistors and diodes in 
production and incoming inspection is 
possible with this newly announced 
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PACKAGING 


MADE m USA 


STRAIGHTENING 


FORMING 


» 


_ 
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FLOW TESTING 


METICULOUS... 


. is the way Webster would define 
Kensico’s “commendable extreme 
carefulness” in producing small diam- 
eter copper tube for use in both 
instrumentation and control systems. 
At every step in production, Kensico 
technicians exercise the utmost care 
to insure that each order processed 
by our newly expanded Small Tube 


Dept. is painstakingly filled to cus- 
tomer’s exact specifications. Kensico 
draws Restrictor and Capillary Tube 
to .026”’ inside diameter, cut to exact 
straight lengths, plastic capped and 
bundled—or coiled on a reel up to 
10,000 feet. Free Flow Charts and 
engineering consultation available 
upon request. Write today! 


nsleg Tube 


COMPANY DIVISION 


Robinson Technical Products, Inc. 
MOUNT KISCO, NEW YORK 


Kensico Products are also cvailable through Warehouse Distributors and Sales Representatives in Cambridge, Mass.; Middlebury, Conn.; 


‘une sew Buffalo, N. Y.; Lindenhurst, N. Y.; Goshen, N. Y.; Roselle, N. J.; Philadelphia, Pa.; Flourtown, Pa.; Pittsburgh, Pa.; Cleveland, Ohio; Detroit, 
peeeeeee] Mich.; Chicago, tl.; Evanston, Ill.; St. Louis, Mo.; Milwaukee, Wisc.; Durham, N. C.; Ft. Lauderdale, Fia.; St. Petersburg, Fla.; Dallas, Texas. 


SEPTEMBER 
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Another new Westinghouse 
AIR CIRCUITRY Component 


SHUTTLE VALVE 


The Westinghouse Shuttle Valve 
automatically selects and directs 
the flow of air from one or the 
other of two controlling devices 
to acommon outlet. It serves to 
connect two independent lines 
to a common line without de- 
stroying the segregation. A few 
of its uses are shown below. 


Simple—Lightweight—Sensitive It contains only one moving part—an 
easily replaceable rubber diaphragm. Two body segments, a gasket and four 
screws complete the assembly. It has no springs. Nothing can bind or stick. 
Its compact size presents no installation problem. 

Weighing only 6 ounces, it can easily be supported by piping alone. Mounting 
feet are included, however, for installation with vibration or long pipe runs. 
It is so sensitive that it will seal off the opposite inlet line with less than 
1 psi pressure differential. 


TYPICAL APPLICA TIOON §S 


OPERATION 2 OPERATION 3 





r SHUTTLE 
—— 


ta 


OPERATION 1 


LOCK-UP 
Insures an operation is held 
constant once initiated. Outlet 
line must be vented by another 
means to unlock the system. 
(“Memory” Circuit) 


TWO-STATION 
CONTROL 


Either of two controlling de- 
vices may operate the cylin- 
ders. Inoperative controlling 
device is sealed from the line. 
(“Or” circuit) 


INTERLOCK 
Prevents operation #3 when 
operation #1 or #2 is in proc- 
ess. (“Not" circuit) 


AIR CIRCUITRY means trouble-free automation 


Air Circuitry is the application of pneumatic control systems to industrial 


production operations. 


Air circuits are safe, economical and precise and are used to solve the 
most rigorous and complex control problems in industry. 

Our engineers, backed by 90 years of experience, can help you boost 
production and cut costs in your plant. 


For more information, ask for Data Sheet A6-104-02 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 
or refer to Sweet's Catalog, Product Design File. 





WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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test station. Evaluation of perform- 
ance is accomplished by means of a 
precision go/no-go comparator. Test- 
ing rate is 700 semiconductors an hour 
with 100 percent measurement relia- 
bility. Over 100 measurements can 
be made; 25 tests can be included in 
one sequence. Power ratings are 0-100 
volts and up to 3 amp. Test accuracy 
is 1 percent. Price: approximately 
$10,000, depending on selection of 
modules.—Optimized Devices, Inc., 
Thornwood, N. Y. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


LOW DRIFT 


The new Zero One series of high pre- 
cision miniature floated gyros features 
trimmed drift rate of less than 0.1 deg 
per hr. These units have an angular 
momentum of 300,000 cgs units and 
a mass unbalance of less than 0.4 deg 
per hr per g. Diameter of the case is 
1.8 in., and the gyro’s total weight is 
approximately 4 lb.—Reeves Instru- 
ment Corp., Garden City, N. Y. 
Circle No. 326 on reply card 


DETECTS 5 MICROIN. MOTION 


A new linear potentiometer responds 
to motion as small as 5 microin. De- 


CONTROL ENGINEERING 





WHERE 
DO YOU 
STAND ON 


COMPUTER CONTROL— 
LEADING OR LAGGING? 


Far-sighted leaders in industry are realizing 
the benefits made possible by applying com- 
puter control systems to their processes. 


Working with these leaders, General Electric 
has already pioneered the application of 
twenty on-line GE-312 computer systems 
now being implemented in these basic areas 
—STEEL, ELECTRIC UTILITIES, CHEMICAL, 
CEMENT, and PRODUCTION CONTROL for 
various manufacturing applications. 


The GE-312 Computer Control System em- 
bodies adaptability and flexibility to meet 
many types of applications in varying size 
plants. For example, compare its expansible 
memory —capacity up to 52,000 words. Com- 
pare its flexible input/output—capable of 
scanning up to 1500 instrument inputs. 
These are maximum capabilities, expansible 
from a minimum system. You buy a system 
tailored to your exact requirements. 


Add to this versatile equipment the com- 
puter systems engineering ability demon- 
strated by General Electric in implementing 
these twenty GE-312 system applications. 


Add also the long history of General Electric 
overall systems know-how—its broad back- 
ground in the equipment, processes and ma- 
terials to which you apply computer control. 


Tomorrow’s profits will come from today’s 
combination of vision, equipment, and know- 
how. Where do you stand? 


There are General Electric Sales and Appli- 
cation engineers in over one hundred offices 
throughout the nation to serve you. Phone 
the nearest General Electric Apparatus Sales 
Office, or wire General Electric Computer 
Department, 13438 North Black Canyon 
Highway, Phoenix, Arizona. 


2 / Process CONTROL 
) { AUTOMATED BY GENERAL ELECTRIC A 
fl 





Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


cPa-50 (9-60) 


General Electric —a pioneer in computer systems for all phases of business, industrial, scientific, engineering, and financial endeavor, 


SEPTEMBER 1960 
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NEW 


STEPPING 
SWITCH 


TYPE ACS 


* Economical 
* Compact Size 
* Easily Mounted 


— — a 


Desi gned for sequence controlling, counting, total- 
izing, scanning and information storage. Modifications 


available for a variety of switching applications. 


SPECIFICATIONS: Operating voltage up to 230 V.A.C.; 
Voltage range, —15% to +10% of rated voltage; Operating 
speed, 300 ppm.; Nominal power, 20 volt-amperes A.C. 

minimum; Contact combinations available. 2, 3, 4,8 or 12 
single pole continuous rotation, for shorting or non-shorting 

steps; Rating, 1 ampere at 115 V.A.C.; 
at 1000 V.R.M.:S.; 


Insulation tested 


Impregnation to specifications. 


Send for complete details! 


ectri¢ 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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signed for ac or de input, the device 
provides outputs to 350 volts per in. 
of displacement without amplifica- 
tion. Life rating of 30 million strokes 
is claimed. Resistance range is 250 
ohms to 125 kilohms per in. of stroke; 
linearity is within 0.2 percent of 
length of stroke. Stroke lengths are 
from 4 to 10 in.—Computer Instru- 
ments Corp., Hempstead, N. Y. 
Circle No. 327 on reply card 


FOR ABSOLUTE PRESSURE 


Designed for accurate measurement of 
absolute pressure over a wide tempera- 
ture range, this new transducer fea- 
tures cavity cleanout, infinite resolu- 
tion, and standard built-in pressure 
overload protection. 

Characteristics: 
Repeatability: within 0.1 percent 
Linearity: within 0.25 percent 
Hysteresis: 0.25 percent 
Ambient temperature range: —100 to 
+275 deg F 
Pressure ranges: 
psi 
—Taber Instrument 
Tonawanda, N. Y. 
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0-300 and 0-2,000 


Corp., North 


NONE SMALLER 
Said to be the smallest temperature 


compensated strain gage accelerom- 
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ANOTHER BREAKTHROUGH IN PRODUCT DESIGN MADE POSSIBLE 
BY PHILCO TRANSISTORS 


SMALL 
WONDER 


THIS TINY PHILCO TRANSISTOR 

is the famous MADTe® (Micro Alloy 
Diffused-base Transistor), developed and 
manufactured by Philco. It is used 
extensively in computers for switching 
electric current at tremendous speeds. 





IN THIS NEW LN 3000 

COMPUTER ... developed by Philco 
under joint agreement with Leeds & 
Northrup Company .. . over 1200 
MADT Transistors are used. LN 3000 
Computers are sold by Leeds & 


Northrup as part of their complete 
control systems and are among the FOR AUTOMATIC PROCESS CONTROL this new computer is applicable 


most compact and reliable process in many industries . . . including electric power, metals, chemicals, petro 
computers available. chemicals and ceramics. The first LN 3000 will soon be installed in this 
modern control center to calculate the performance of the generating units. 


IN THIS GIANT POWER PLANT... the 
Bergen Generating Station of the Public Service 
Electric and Gas Company, at Ridgefield, N.J. 

. the LN 3000 will calculate equipment per- 
formance and aid in more efficient production 
of electricity for one of the nation’s busiest 
industrial areas. 


This is another major electronic achievement 
made possible by Philco Transistors. Specify 
Phileco Transistors in all electronic equipment 
you buy ...or build. Consult Philco for infor- 
mation or assistance in transistorizing your 
product. 


e's, 
> — "oe 


A » 
Sony® ® 


LANSDALE DIVISION « LANSDALE, PENNSYLVANIA 


‘PH ILCO, 
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PANELEX 


Long 
Before 
Countdown... 


Throughout assembly and long before 
Countdown, special purpose computers and Test 
Stations compare performance to preset limits. 
High speed printers convert digital output into 
intelligence which can be used for analysis of 
design and performance characteristics. 


Anelex® Corporation has earned a place in this 
program with the unequalled reliability of its 
High Speed Printers, and Anelex Systems 
Division is qualified, by ten years as an 
engineering team, to design the specialized 
electronics required to bring data source 
information to the Printer in a form it can use. 
This and other experience in the application of 
digital techniques enables Anelex engineers to 
solve many special problems arising from new 
military and industrial developments. 


for further information, write or telephone 


ANELEX CORPORATION 


150-D CAUSEWAY ST., BOSTON 14, MASS. 
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eter available, the Type 4-202 is a 
linear, unbonded, bidirectional device. 
It is designed for measuring accelera- 
tions perpendicular to the mounting 
surface. The accelerometer weighs 
only 3 oz and occupies just 1 cu in. 
Its linearity and hysteresis qualities are 
conservatively rated to within less 
than +0.75 percent of full range out- 
put. A nonpendulous-type mass sus- 
pension allows a low cross-axis sensi- 
tivity of less than 0.01 g/g for an 
input three times rated range. Stand- 
ard ranges are from +5 to +500 g. 
Input voltage is 5 volts with full range 
output of 40 mv (+20-mv).—Trans- 
ducer Div., Consolidated Electrody- 
namics Corp., Subsidiary of Bell & 
Howell Co., Pasadena, Calif. 
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ACCURATE DETECTOR 
Temperatures as high as 1,500 deg F 
may be measured with greater accuracy 
and stability than possible before 
using a new detector now available. 
This resistance device is hermetically 
sealed in its own well for use under 
pressures up to 300 psi and fits stand- 
ard %-in. bore thermowells.—Instru- 
ment Div., Thomas A. Edison Indus- 
tries, McGraw-Edison Co. W. 
Orange, N. J. 

Circle No. 330 on reply card 
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SUBMINIATURES 


Humistor is the name given to a 
subminiature device for detecting and 
measuring vapor and gases which ex- 
hibit an electric dipole moment. 
Minute vapor concentrations are de- 
tectable; classification of mixtures is 
possible through use of selectively 
transparent coatings. Output of the 
humistor is a change in resistance 
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TMI, THE LARGEST MANUFACTURER OF MEMORY PRODUCTS - 


SEPTEMBER 


1960 
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Since our engineers delivered the first commercial core memory in 1954, TMI has carefully created 
and built an integrated design, development, and manufacturing organization producing the only 
complete line of ferrite core memory products available. TMI sales engineers, conveniently located in 
field sales offices throughout the country, are anxious to help you with your digital storage problems, 
whether for 500 cores or 5 million cores, for a 500 bit buffer, or a 5 million bit memory, with operating 
speeds ranging from 50 milliseconds to one microsecond. Contact us for all your data storage needs. 
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Seneca Falls Mechanical 
Power Amplifier with two 
phase Servo Motor as con- 
trol input device. 


The Seneca Falls MECHANICAL 
POWER AMPLIFIER is a simple, 
power servo drive in striking con- 
trast to the more complex electri- 
cal and hydraulic devices. Years 
of Service in rugged applications 
prove its dependability, long life 
and negligible maintenance. 


SHAPED AUTOMATICALLY 
BY THIS SENECA FALLS 


MECHANICAL POWER 
AMPLIFIER 


Insulators, like the partially finished one 
pictured, used to be shaped by hand- 
held tools—much as a hobbyist operates 
a wood turning lathe. Now a Seneca 
Falls Two-Axis Servo Drive utilizing 
the Mechanical Power Amplifier shapes 
more insulators better, faster and at 
lower cost. 

Whatever your control problem, in- 
vestigate this simple, easily maintained 
Power Servo Drive that will amplify 
torque from any control input device. 
Its excellent dynamic response permits 
the design of high sensitivity control 
systems. Write for Technical Bulletin 
EE 1009. 


SENECA FALLS, MACHINE CO. 
ELECTRONICS DIV. ¢ SENECA FALLS, N. Y. 
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(readout by standard megohmeter) 
proportional to concentration and 
magnitude of moment. Infinite life 
is possible with reasonable mechani- 
cal protection. Price: $10 for engi- 
neering samples.—Conrad-Carson, Inc., 
San Diego, Calif. 
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CONTROLLERS, 
SWITCHES & RELAYS 


cs 


FLOW ACTUATED 


Designed to start and stop pumps, 
valves, alarms, controls, etc. in mixing, 
blending systems, and the like, this 
new switch is actuated by the flow of 
the stream being monitored. The 
units fit lines from 3 to 60 in. in brass, 
bronze, steel, or stainless steel. Vari- 
ous switching arrangements and vari- 
ous capacities are available.—Power 
Equipment & Engineering Co., Inc., 
Torrance, Calif. 
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0.2-MICROSEC SWITCH 


A new high speed ferrite switch cap- 
able of on-off or spdt switching in less 
than 0.2 microsec uses Faraday rota- 
tion to operate over a 10 percent 
bandwidth at X band without pro- 
gramming the drive current. Features 
include 0.7 db “on” insertion loss, 
30 db “off” insertion loss or crosstalk 
separation, and power capability of 
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Plaskon 


Plaskon Nylon 4” tubing, shown above, led the way to a 
whopping $30,000 saving on a unique instrument-air 
control system for Allied’s National Aniline Division, 
Hopewell, Va. plant. The savings on this 125,000 ft. job 
came from: (1) First cost averaging half that of 4” copper 
tubing. Less costly supports, too. (2) Installation speed... 
Flexibility allowed long complex runs without fittings. 
(Coils come in 250 to 1000 ft. lengths.) Single or bundled 
tubes are easy to bend and snake through conduits. Light 
weight speeded handling ...Plaskon Nylon weighs th 
that of copper, 1000 ft. of 4” tubing weighs only 10 Ib! 
Other advantages—Tubing of Plaskon Nylon has very high 


fatigue life ... resists kinking. It resists atmospheric cor- 


PLASTICS AND COAL CHEMICALS DIVISION 
40 Rector Street, New York 6. N. Y. 


SEPTEMBER 1960 


NYLON INSTRUMENT AIR TUBING SAVES $30,000! 


rosion, many chemical environments, cyclic heating to 
230°F. Will not contribute to elec troly tic corrosion. Stocked 
in all standard I.S.A. colors. Can be carbon pigmented to 
resist sunlight. 


Plaskon Nylon tubing can be joined by almost all types of 
metal-tubing fittings—flare or compression. Simple 90° 
bending clips and nylon multitube clips facilitate installa- 
tion. Call or write for more details of the job described 
above, or for expert help on your own projects. 


Allied Chemical makes only the Plaskon Nylon raw material; 
the tubing is available from many competent commercial extru- 
ders, in plastic sheathed, cabled bundles with or without armor. 
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' For Your Power Drive - Design- Application 
or Replacement Maintenance 


There's a 


“= aD cyiinper 


That Can Assure 
Accurate Efficient Operation 





Only T-J’s complete line can assure you a cylinder 
of either air or hydraulic application—with prac- 
tically limitless design specifications for bore, 
stroke, pressure range and even delivery require- 
ment. From the time-tested, standard tie-rod air 
and hydraulic, to the exclusive T-J Spacemaker, 
and including the recently introduced Squair 
Head, T-J cylinders give you more features for 
efficient, long-lasting operation. Write today! 


Dlus- THE ONLY 


COMPLETE ENGINEERING CATALOG LINE, TOO! 


H-47 for $Q-1058-4 

standard tie-rod for the T-J Standard tie-rod the incomparable for the High 

hydraulic cylinders. Squair Head air cylinders, Spacemaker Pressure Hydraulic 
cylinder. cylinder. Spacemaker cylinder 


THE TOMKINS:JOHNSON CO.#scxson.micn. 


CYLINDERS + MILLING CUTTERS - RIVETERS and CLINCHERS 


No. 54 for SM-S6-3 for HSMS5-58-4 
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200 watts average. The switch is in- 
tended for such applications as pulse 
modulation of CW sources, TR tube 
replacement in high repetition rate 
radar systems, and diplexing of twc 
sources in a common waveguide. 
Hughes Aircraft Co., Components 
Div., Culver City, Calif. 
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COMPUTES PNEUMATICALLY 


The Force Bridge is a newly an- 
nounced pneumatic computing relay 
available in models for squaring, 
square root extracting with pressure 
compensation, multiplication, divi- 
sion, multiplication and division, and 
ratio setting. The device works on a 
unique force-balance principle. The 
bridge consists of two weigh beams | 
that rotate on a common movablg 
fulcrum. This design keeps friction— ; 
and error—to a minimum: as low as; 
0.5 percent from 20 to 90 percent of 
scale. Simple installation requires only 
input and output tubing and 20-psi air 
supply.—Fisher & Porter Co., War- 
minster, Pa. 
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CONTROLS PUMPS 


A new pneumatic controller is de- 
signed to bolt onto any of the manu- 
facturer’s Series 200, 400, or 600 run- 
adjust pumps. It accepts a linear, 
square root, or other exponential sig- 
nal and has high sensitivity and rapid 
response (from 0 to 100 percent stroke 
in 7 sec. with a 30-psig plant air 
supply). The controller, on signal, 
adjusts the pump’s stroke length to 
give varying rates of flow. Good ac- 
curacy is obtained without overshoot 
or hunting. Only 21 in. headroom 
is required.—Wallace & Tiernan, Inc., 
Bellevelle, N. J. 
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The design of the PB 250 enables it to 
be mounted as a systems component in 
31'/_ in. of a standard relay rack. 


SPECIFICATIONS 


TYPE 
Serial, binary, internal program. 


COMMAND STRUCTURE 
Single address with index register. 
46 commands. 


OPERATION TIMES (22 bit word) 
Add/subtract 12 usec. 
Multiply 276 usec. (max.) 
Divide 252 usec. (max.) 
Square root 252 usec. (max.) 


MEMORY 
Type: Magnetostrictive delay lines. 
Capacity: 1,808 words standard, 
expandable to 15,888 words. 
INPUT-OUTPUT 
Standard: Automatic typewriter, 
paper tape punch and reader, 
30 control inputs, 32 control 
outputs, high-speed block input- 
output (85 KC word rate). 
Optional: High-speed paper tape 
punch and reader, magnetic tape 
units (six maximum) employing 
IBM 700 series format, punched 
card equipment. 


DIMENSIONS 
30 in. high, 19 in. wide, 24 in. deep. 


POWER REQUIREMENT 
115 volts, 60 cycles, at 100 watts. 








the pb 250 


a general purpose, microsecond computer for $30,000 


COMPLETELY SOLID STATE 


Outstanding features of the PB 250 include:® MICROSECOND 
SPEED: Addition and subtraction require 12 microseconds. 
Multiplication takes 276 microseconds and division 252 
microseconds. ® EXPANDABLE MEMORY: Minimum capacity 
of 1,808 words, expandable to 15,888 words. External core 
memory of 16,384 words available.® COMMAND STRUCTURE: 
Versatile command list of 46 instructions.® SIMPLE PRO- 
GRAMMING: Internally programmed, single address instruc- 
tions, command indexing, and automatic double precision 
operations.® INPUT-OUTPUT SYSTEMS: Automatic typewriter, 
paper tape reader, and punch standard. Complete range of 
peripheral equipment available. EXCEPTIONAL RELIABILITY: 
Conservative solid-state design, small component count, and 
absence of moving parts. SYSTEMS INTEGRATION: May be 
integrated into existing systems, on- or off-line. Ability to 
operate as universal format-to-format converter. 


~ PACKARD BELL COMPUTER 


A Subsidiary of Packard Bell Electronics 
1905 Armacost Avenue, Los Angeles 25, California +» GR 8-4247 
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Step Sequencing 


use any type of 
the new 


Eagle device to advance 
Step the 

“ LIMIT 
Switch wite caeN 


time or sensing 


PRESSURE 


~~ CHANGE 


operate a multiplicity LEVEL 
Nees CONTROL 
of load circuits in any 
combination up to 19 
circuits 


This new Eagle Step Switch also provides: 


when used with multiple indexing TERLOCK by cam action — elim- 
circuits. inates interlocking relays. 


] SEQUENCING INTERLOCK 3 MECHANICAL CIRCUIT IN- 


10 AMP SWITCH CONTACTS 115 VOLT COIL operates direct 

control load switches direct — on AC with heavy duty ratchet 

no need for load relays. mechanism — insures long life. 
Write us regarding your count problem, or see your local phone directory or 
Thomas Register under the heading, “Timers, Electric’ for your nearest Eagle 
Signal representative. 


OTHER POPULAR HIGH QUALITY EAGLE TIME-COUNT CONTROLS 


EAGLE SIGNAL COMPANY « Moline, Illinois 


A DIVISION OF THE GAMEWELL COMPANY, 





AN E,W. BLISS COMPANY SUBSIDIARY 


VISIT US AT THE PRODUCTION ENGINEERING SHOW 
SEPT 6-16, NAVY PIER, CHICAGO—BOOTH No. 338i 








MANUFACTURERS OF A COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 





TIME DELAY 
RELAYS 
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PLUS 


(336) A magnetically actuated prox- 
imity switch that is water, oil, and 
explosion proof has been introduced 
by Electro-Seal Corp., Des Plaines, 
Ill. . . . (337) Kurman Electric Co., 
Subsidiary of Crescent Petroleum 
Corp., Brooklyn, N. Y., now has on 
the market an unusually sensitive 
multipole relay with operating power 
required as low as 25 mw per pole. 
Circle No. 336 or 337 

on reply card 


POWER SUPPLIES 


SMALL BUT POTENT 


The Varia-Volt shown above is a 
sealed, static power supply that, in 
separate standard units, produces up 
to 20,000 volts. Input voltages are as 
low as 1.3 volts. Only 1 in. in diam 
and 3 in. long, the units are ideal for 
such applications as in portable scin- 
tillation counters, ionization chambers, 
oscilloscope supplies, or wherever 
miniature, high voltage supplies are 
needed.—Victory Electronics, Inc., 
Westbury, N. Y. 

‘Circle No. 338 on reply card 


COMPUTER SUPPLY 


Completely transistorized, the Model 
RP-10 is a regulated 8-amp power 
supply especially designed and con- 
servatively rated for computer applica- 
tions. A special feature is a circuit 
that protects transistors in the load 
circuits from damaging voltages in 
case of malfunction within the supply; 
the circuit clamps the output to less 
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WOMATIGECKHM IPPCBOT 
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(__ AUTOMATIC TRANSLATION 


To formulate rules for automatic language translation is 
a subtle and complex task. Yet, significant progress is 
being made. During the past several years large amounts 
of Russian text have been translated and analyzed at 
Ramo-Wooldridge’s Intellectronics Laboratories using 
several types of existing general purpose electronic 
computers, 

Many hundreds of syntactic and semantic rules are 
used to remove ambiguities otherwise present in word- 
for-word translation. The considerable improvements that 
have been effected during the progress of this work indi- 
cate that it may be possible within the next year or so to 
produce, for the first time, machine translation of sufficient 
accuracy and at sufficiently low cost to justify practical 
application. Electronic computers are also invaluable for 
other language research activities at Ramo-Wooldridge. 


INDEXING 
ABSTRACTING 


\ 

Techniques for automatic indexing, automatic abstract- 
ing, and other aspects of communicating scientific 
information are also being investigated. Research and 
development at the Intellectronics Laboratories will 
eventually lead to electronic machines capable of carry- 
ing on self-directed programs of research and analysis 
and “learning” by their own experiences. 


The accelerating pace at which these “communication 
of knowledge” problems are growing in importance have 
created challenging career opportunities in new fields of 
scientific endeavor. 


For a copy of our general career brochure, “An Introduc- 
tion to Ramo- Wooldridge” write to Dr. Richard C. Potter, 
Head, Technical Staff Development. 


RAMO-WOOLDRIDGE 
a division of Thompson Ramo Wooldridge Inc. 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 


1960 





than 25 volts and blows the supply 

fuse within 3 millisec. 
Characteristics: 

Input voltage: 117 volts +10 percent 

Frequency: 60 cps, single phase 

te Maximum input power: 280 watts 

‘ Output voltage: —16 volts, adjust- 

ment range of —3 to —19 volts 

Dimensions: 54 x 10 x 114 in. (h, w, d) 

Weight: 38 Ib 

—Computer Control Co., Inc., Fram- 

ingham, Mass. 


Circle No. 339 on reply card 
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FOR COMPUTERS 





Advanced circuitry in this precision 
power supply allows it to achieve per- 
formance needed for use with pre- 
cision computing equipment, includ- 

BRYANT offers... ing the demands of inertial guidance 

integration. Outputs are plus and 

io minus 25 volts, both within better 

Storage at ya) % than +0.01 percent at 5-15 ma. In- 

less than &. puts required are 115 volts +6 per- 

f. . cent, 400 cps +2 percent, 3 phase, 

Vet per bit! ' 5 watts max; 28 vde +2 percent, 

40 ma max; 28 vdc, unregulated, 7.5 

, ap Se watts. The D3907-01 supply weighs 

— with the Bryant 18.5" diameter 8 lb and measures 8.823 x 7.025 x 

Magnetic Storage Drum 4.472 in.—Kearfott Div., General Pre- 
cision, Inc., Little Falls, N. J. 


Standard operating parameters include: Circle No. 340 on reply card 


* Bit repetition rate over 200 KC (RZ) 
¢ Dynamic runout: less than .0002” T.I.R. 
¢ Range: 600 RPM to 1800 RPM « Number HAS DUAL OUTPUT 
of tracks: 825 «+ Bits per track: 7500 


* Design life: over 3 years at 1800 RPM A new battery for missile and space 


Sere vehicle use delivers two outputs in a 
Write today for data and specifications on package measuring only 5 in. square 
this and other Bryant Standard Magnetic by 10.5 in. and weighing 12 Ib. One 

Storage Drums. BRYANT COMPUTER | 20-cell section provides 25 amps at 
PRODUCTS, 1200 Oakman Boulevard, | 28 volts; maximum current is 100 
Detroit 32, Michigan. Division of amps with discharge time of 4 min. 

EX-CELL-O Corporation. at 25 amps. Capacity is 1.7 amp-hr. 

The second section, also of 20 cells, 

supplies 28 volts at 46 amps; maxi- 

mum current is 125 amps; discharge 
time is 4 min at 46 amps, and capac- 
ity is 3 amp-hr. Activation of both 
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Nerve center of the Daystrom control 


system for the world’s first fully-auto- 


mated electric power generating station, 
to go on-line in January, 1961. 


SEPTEMBER 1960 


CONSIDER 
ON-LINE 
COMPUTER 

CONTROL. 


. for maximum plant efficiency 
greater product uniformity 
higher plant yield 

CONSIDER DAYSTROM FOR... 


systems analysis to assist you in determining the most 
feasible approach to solving your problems @ single 
source responsibility — from a preliminary study to in- 
Sstallation of instrumentation HM a unique guarantee of 
99% operational availability Ml unsurpassed experience 
in designing, building, and installing control systems 
SEE US AT THE ISA SHOW, Booth 1212, on the chal- 


lenging problems of on-line control. 


ee 
DAYSTROM » INCORPORATED 
c] 4 


CONTROL SYSTEMS DIVISION 
LA JOLLA, CALIFORNIA 
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eMACHINING 
AND 
PROCESS 
CONTROL 


*COUNTING 
*BATCHING 
eSORTING 


*MIXING 


*WINDING 


ePACKAGING 
...or any other 
physical process 
that can be 
electrically 


digitized. 


NEW! 


HIGH-SPEED, 
SOLID-STATE, 
PRESET COUNTER 


MODEL 300T 


The completely transistorized Model 300T 
industrial counter is rugged, dependable 
and low-cost control instrumentation that 
is ideal for every use requiring a preset 
counting device. Modular design minimizes 
maintenance time and steel construction 
permits mounting directly on controlled 
machine. Modules can be easily modified 
for special applications. The 300T is a truly 
remarkable instrument that deserves your 
serious consideration. 

Send today for complete technical infor- 
mation. 


NEW PRODUCTS 


sections is automatic via a mechanism 
using an clectrolyte tank and piston 
operated by a solid propellant gas gen- 
erator. ‘Time for activation is 1.0 sec; 
signal required is 2 amps at 25 volts. 
Cook Batteries, Sub. of ‘Telecoimput- 
ing Corp., Denver, Colo. 

Circle No. 341 on reply card 
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COMBINES FOUR FUNCTIONS 











lhe Model 4005 transistorized supply, 
first in a new line of universal regu- 
lated de sources, combines the func 
tions of four separate power supplies. 
It may be operated as a constant volt- 
age source, a constant current source, 
a constant voltage source with auto- 
matic current limiting, or a constant 
current source with automatic voltage 
limiting. ‘The supply covers the range 
of 1-40 vde at 0-500 ma. Regulation 
is within 0.05 percent; ripple is less 
than 500 microvolts as a voltage regu- 
lator and less than 25 microamp as a 
current regulator. Unit measures 
53 x 8& x 11} in. (w,h,d Price 
$143.50—Power Designs, Inc., West- 
burv, N. Y. 


Speed: 6,000,000 counts per minute 

Range: | to 9,999 standard. 5 to 8 decades available 
SPECIFICATIONS Reset: Automatic, manual, local or external 

Size: 33” high; 93” wide; 14” deep (standard model) 

Weight: Approx. 10 Ibs. 


Circle No. 342 on reply card 
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ERIE PACIFIC DIVISION « ERIE RESISTOR CORPORATION PLUGS I 


12932 S. Weber Way, Hawthorne, California These plug-in power supplies can 
Phone: ORegon 8-5418 be used for outputs from 10 to 35 vde 
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How to fit proved 




















components into your 


CR circuits 


Hundreds of circuits have successfully proved out the Gen- 
eral Electric semiconductors listed here as companions to 
the silicon controlled rectifier. In fact, General Electric 
used these very same components in developing and per- 
fecting the revolutionary SCR. You capitalize on G.E.’s 


CIRCUIT COMPATIBILITY CHART 


Use G-E Stud Hex. 
Rectifier Type . Size 





three years of unequalled SCR experience when you choose 
compatible G-E components. Together they form a sea- 
soned, smooth-running team that will enhance the per- 
formance and reliability of your designs. 

And remember, only G-E medium current rectifiers give 
you freedom from thermal fatigue (only hard solders are 
used) ; transient PRV ratings that save you money; reverse 
polarity for common heat sink mounting; and very low re- 
verse leakage current for operation in series with SCR’s. 

For detailed information on SCR theory, ratings and ap- 
plications, send $1.00 for General Electric’s new Con- 
trolled Rectifier Manual. Also at many G-E Distributors. 


1N1341A-IN1348A 


7/16" 





IN1341A-1N1348A 


7/16" 





IN1199A-1N1206A* 
1N2154-1N2160* 


12A @ 150C 
25A @ 145C 


7/16" 
11/16” 





1N1341A-1N1348A 
1N1199A-1N1206A* 


7A @ 140C 
12A @ 150C 


7/16" 
7/16" 





1N1199A-IN1348A 
1N2154-1N2160* 


12A @ 150C 


7/16" 





43A60° 


50A @ 160C 


Housing 


1-19/32” Die. 





43A62* 











50A @ 110C 











Housing 


1-19/32” Dia. 





* Stack Assemblies Availabie 


GENERAL @@ ELECTRIC 


Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 


SEPTEMBER 1960 CIRCLE 235 ON READER SERVICE CARD 235 





236 


aD 4a 
alelimicelmy 21/1/17 4 


|Koy-Ke mers) dt 


—" for every 


need... 


Standard Tatnall cells for popular applications. Designed 
and built to give you standard cell performance 
and value. Both universal and compression type cells in 
several ranges available off-the-shelf for new or replacement 
applications. 


Tatnall "Function-Fitted"’ transducers custom-built to your needs. You 
specify application, accuracy, size, encasement, temperature compensa- 
tion, corrosion resistance and other design, construction and performance 
features. You get ample, dependable performance . . . delivery matched 
to your schedule... and high economy, because you pay only for the 
features you need. 


Budd technical and engineering service is available to help you deter- 
mine your transducer requirements, select the best method of meeting 
them, and apply Tatnall cells with highest effectiveness. We invite 
you to write or call for a frank discussion of your needs. 


MBEIEIEE oision 7 
THE BUDD COMPANY - P.O. Box 245 - Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, Ill., Boston, Mass., 
Detroit, Mich., Seattle, Wash., Dallas, Tex., Los Angeles, Calif., San Francisco, Calif. 
In Canada 


Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 


INSTRUMENTS 


Bitig 0 142% 
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with continuous current of 0-0.5 amp. 
Line and load regulation is within 0.75 
percent. Ripple is less than 1.5 mv. 
ne self-contained except for 
transformer and voltage adjustment 
pot, 17 of the individual card supplies 
can be stacked together to give a total 
of 8.5 amps in a 34x10 in. panel 
space.—Plug-In Instruments,  Inc., 
Nashville, Tenn. 


Circle No. 343 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


SHORT MODEL 


Newest addition to a line of Size 8 
servomotors is the shortest version on 
the market that is wound for 115- 
volt sources. It is just 0.840 in. long 
and weighs 1.1] oz. Rotor inertia is 
0.18 gm-cm’, stall torque 0.22 
oz-in.; an acceleration at stall is 
86,500 rad per sec’, said to be three 
times greater than any equivalent unit. 
-Helipot Div., Beckman Instruments, 
Inc., Fullerton, Calif. 

Circle No. 344 on reply card 


EMERGENCY ACTUATOR 


A new miniature size electromechan- 
ical actuator provides a “Hammer 
Blow’”’ to operate switches, valves, etc 
in emergencies. Originally developed 
to meet military requirements and 
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@ Build high strength rod, tube 
and pipe structures in minutes 


‘ 





@ Save design and machining 
time on precision assemblies 
and fixtures with new 


Rotocen 


TRADEMARK 


ASSEMBLERS 


**Like genies from a lamp,”’ says one 


user of new Rotocon as- | 


semblers. Speed and ease of assem- 


bly, superior strength, and infinite | 


adjustability recommend Rotocon 
assemblers for numberless applica- 
tions IN LABORATORIES, 
INSTRUMENTATION, AUTOMATION. 


Rotocon assemblers grip rods, 
tubes and pipes in a tight ALL- 
AROUND GRIP that never burrs, scores, 
or distorts. Toothed faces of paired 
units FORM RIGID JOINTS AT ANY 10- 
DEGREE INCREMENT, not just right 
angles. Only a screwdriver (or even 
a coin) is needed to tighten the fas- 
tening screw into the nesting nut. 


With the exclusive SNAP-CLAMP 
unit, additions to structures or fix- 
tures can be made without disas- 
sembling any parts. This snap-on 
clamp affords the same ALL-AROUND 
GRIP as other assemblers in the line. 


With so many uses in so many 
fields, Rotocon assemblers have to 
be seen, held in hand, and experi- 
mented with to reveal the time and 
money they can save you. 


Sample Offer: A written request on your 
letterhead will bring you a sample kit of 
Rotocon assemblers, free and postpaid. 


Rotocon 
* ee a 
Division 
UNISTRUT PRODUCTS COMPANY 


937 West Washington Bivd., Chicago 7, Ill. 





CIRCLE 134 ON READER SERVICE CARD 
SEPTEMBER 1960 


INDUSTRY, | 


NEW PRODUCTS 


now available for commercial uses, the 
actuator operates on an input as low 
as 1.5 amps at 20 volts and releases an 
initial mechanical force of 70 lb. A 
range of electrical and mechanical 
variations is available.—Electro-Seal 
Corp., Des Plaines, Ill. 

Circle No. 345 on reply card 


MODULAR DRIVES 


Individual unit design of relay panels, 
rectifier panels, and control panels, 
as shown in the photo above, provides 
greater flexibility for a line of adjust- 
able speed drives. The new Series 35 
includes de motor drives employing 
adjustable autotransformers in com- 
bination with full wave rectifiers to 
attain variable speed adjustments over 
a wide range. A Size I is available for 
+ hp maximum, and three other sizes 
are offered.—Cleveland Machine Con- 
trols, Inc., Cleveland, Ohio. 

Circle No. 346 on reply card 


MINIMOTOR 


Demonstrated above is the extremely 
small size of a 3-vdc motor said by its 
designer to be the smallest motor ever 
made commercially. It is just over 
¢ in. long by # in. in diam. Motor 
weighs less than 4 oz and, with a 
1,000 to 1 reduction gear, 1 oz addi- 


CONTROLS 
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STATIC TIMER—TS 00-000 : 
Operation 100 ms to 90 seconds 
make or break 

—65°C to 125°C 
Vibration 20 g’s to 2000 cps @ 
Shock 50 g's in all planes J 
Life > 1,000,000 cycles 
Output SPST 100 ma. to 1 amp © 
Voltage 18 to 30 vdc & 
Weight Less than 4 oz. 
FREQUENCY SENSOR—RY-488 
Designed per customer specifications 
Temperature 40°F to +-125°F 
Contact rating up to 10 amp 
Over-voltage. 200 V rms for 10 msec. 

to 130 V rms for 
1 hour 
Weight 6 oz. to 12 oz. 
6 PDT SOCKET RELAY—ANG3ES200AA 
Contact rating 10 amp 
Vibration 10 g's to 2000 cps 
Temperature 65° to +125°C 
Weight 6 oz. max. 
Altitude >80,000 ft. 
Shock 25 g's all planes 
Nominal 28 vdc 
Pick up 18 max. 
TIME DELAY RELAY 
(72 Hr. Delivery) T-010-000 
Operation 100 ms to 90 sec. 
Reset time 50 msec. 
Contact rating. 10 amp. res, 3 amp, 
ind. (MIL-5757-C 

18 to 30 vde 
(MIL-E-7894 
Temperature 65°F to +-250°F 
Shock 30 g’s (11 msec.) 
Operating life 100,000 operations 
ES engineers welcome the oppor- 
tuniy to furnish an engineering es- 
timate on your specific requirement. 
Emergency circumstances given spe- 
cial consideration. Ask for the 
RELAY DIVISION design folder 


Temperature 


Operating voltage 


RELAY 


ELECTRONIC SPECIALTY CO 
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tional. Maximum speed is 10,000 
rpm; 2,000-rpm torque is 5 gm-cm, 
current is 0.2 amp. Price in lots of 


& | 1-10: $40.—Gordon Rosekilly Machin- 
DC d riven ery, San Mateo, Calif. illy Machin 
el ae 


LINEAR POWER 


« 
Originally designed for a wing flap 
system, this linear power actuator is 
aae8 suitable for a wide range of aerospace 


and industrial applications. The 


26-vde device features a high efficiency 
: long life, close tolerance modified 
r acme jackscrew, and an electrical load 





sensing device coupled to an electro- 
magnetic clutch-brake. The unit thus 
senses, shuts off, and holds a pre- 
determined load. Specifications in- 
clude: normal load, 2,000 Ib; maxi- 
mum load, 5,400 Ib; rate of travel, 
0.46 ips; stroke, 6.75 in.—Hoover 
Electric Co., Los Angeles, Calif. 
Circle No. 348 on reply card 
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In portable d-c am- 
plifiers, the advan- 
tages of low level 
operation plus a 94 
cycle chopping rate 
are now available, 
using a 12, or 24 
volt battery as 
the chopper drive 
source. 


Write for FAST STARTER, STOPPER 

sees a" High torque characteristics are com- 
bined with split-second starting and 
stopping ability in the lightweight, 
low speed Rotorac motors now avail- 
able. Operating from a 60-cps source, 
the motors can deliver 6 I}b-in. of 
torque at 20 rpm for a 0.75-amp, 115- 
volt input. Typical weight for the 
motors is only 10 oz. The units also 
feature the ability to sustain stall con- 
ditions without damage and to ac- 
commodate reasonable adjustments in 
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MODERN 


ELECTRONIC 
ENGINEERING 


GIVES PRECISE 
MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


erwogpecd 


DIV. of “ELECTRO DEVICES, inc. 
4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 
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their speed-torque characteristics. A 

variety of types is offered.—Airborne 

Accessories Corp., Hillside, N. J. 
Circle No. 349 on reply card 


COMPONENT 
PARTS 


PIN THE BOARD 


Newly announced programming pin- 
boards as shown above are memory 
matrixes into which digital informa- 
tion may be inserted. The technique 
is applicable to code conversion, sig- 
nal routing, data system programming, 
and tape search equipment. The 
pinboards consist of two contact strips 
(one horizontal, one vertical) drilled 
and aligned to accept diode pins. 
Practically any size and configuration 
board is available; size of the basic 
pinboard is 13 x 50 columns, but this 
may be increased.—Beckman Systems 
Div., Beckman Instruments, Inc., Ana- 
heim, Calif. 


Circle No. 350 on reply card 


EFFICIENT HEAD, GUIDE 


High efficiency, both in recording and 
playback of digital data, is the result of 
the use of a unique core design in the 
construction of a new magnetic tape 
head. Gap length of the head is 10 
microin., which allows it to be used 
at extremely high bit densities on the 
order of 6,000 flux reversals per in. in 
contact. ‘The head is shown above 


AVIONICS 


BUILDING BLOCKS 
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by 


| ——Jlsens-te) ile 
—— |=) el) Nim anole) 


SEQUENCE PROGRAMMER —T-297-1 
Designed for Drone Applications 
Operation 4 output pulses at 
28 vdc 10%— sequence to order 
Temperature 65°F to +-165°F 
Shock 50 G’s—11 msec 
Output 2.0 amp. @ 28 vac 
Altitude 80,000 ft. 
Power Consumption watts max 
Life >1,000,000 operations 
BOOSTER RELEASE TIMER—T-249 
Operation 9.25 +0.25 seconds 
Temperature 65°F to + 60°F 
Shock 50 G’s 11 msec. any plane 
Acceleration 40 G's any plane 
(constant) 
Contacts 10 amp res, 5 amp ind 
Voltage 28 vdc +10%battery supply 
Construction hermetically sealed 
STATIC INVERTER—PS -105 
Designed for Missile Application 
Input 28 vdc at 18 amps max 
Output no load—126 V rms 
400 cps min. full load 115 Vv 
rms 400 cps max 
120° va max. on any phase 
300 va total 
60% for full load 
150,000 feet 
10 G's any axis—30 G's 
crash safety 
Temperature 55°C to +-71°C 
COMPLEX INTERVALOMETER—T-270 
Designed for A.S.W. Application 
Operation 8 individual delays 
Time delay 150 msec. +0.50 sec 
Contact rating 5 amp resistive 
Voltage 18 to 30 vdc 
Weight 3.5 ibs 
ES engineers welcome the oppor 
tunity to furnish an engineering es 
timate on your specific requirement 
Emergency circumstances given spe 
cial consideration. Ask for the 
AVIONICS DIVISION design folder 
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AVIONICS 


Load 


Efficiency 
Altitude 
Shock 


ELECTRONIC SPECIALTY CO 
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ELIMINATE [= 


MATHEMATICAL 
COMPUTATIONS... 


W aT PRECISION 
MERCURIAL MANOMETERS 


Simple knob adjustment eliminates 
temperature and gravity corrections. For- 
get about indexing the mercury well for 
each reading. W&T’s specially graduated 
manometer scale automatically compen- 
sates for well level depression, 


The Wallace & Tiernan 
FA-187 mercurial manom- 
eter also gives you: 


Accuracy 1/5000 
Range 0 to 31.5” Hg or 
equivalent 

Readings to 0.005” Hg 
Magnifying eye piece 
for exact reading 
Magnetic vernier elimi- 
nates meniscus reading 
Specially calibrated 
scale 


Use the W&T mercurial ma- 
nometers as calibrating 
standards for absolute pres- 
sure or easily modify them 
to perform as barometers, 
differential or vacuum in- 
dlicators. 





For further information, 
write Dept. A-128,28 


WALLACE & TIERNAN INCORPORATED 





2S MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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mounted in the company’s new tape 
slot guide which features exceptionally 
good guidance along with reductions 
in tape curl and wear.—Shepherd In- 
dustries, Inc., Nutlev, N. J. 

Circle No. 351 on reply card 
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A NEW SEMICONDUCTOR 


The binistor is the name given to a 
major new silicon semiconductor de- 
vice for use in switching and storage 
circuits. The bistable device performs 
as a flip-flop but with vastly reduced 
complexity. A typical flip-flop with 
two transistors, seven resistors, two 
capacitors, two diodes, and 28 solder 
connections can be reduced to one 
binistor, three resistors, and 10 solder 
joints. ‘The NPN tetrode can operate 
from —80 to +250 deg C. Speed 
of the device, currently slower than 
that of high frequency transistors, is 
adequate for general purpose switch- 
ing—Transitron Electronic Corp., 
Wakefield, Mass. 
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SMALLER SERVOAMP 


Said to be one of the most compact 
servoamplifiers available, the tiny (0.9 
cu in.) unit shown above was origin- 
ally developed to drive part of an atti- 
tude indicator. In addition, it is suit- 
able for use in computing instruments 
and other applications requiring an 
amplified signal for driving a 400-cps 
instrument servomotor. Other fea- 
tures include choice of phase shift 
characteristics (0 or 90 deg) and ex- 
ternally adjustable gain (nominally 
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ACCURACY 


4-100 
SERIES 


DeCeducer 


D.C. INPUT 
D.C. OUTPUT VARIABLE 
RELUCTANCE TRANSDUCER 


Medels now available with +0.1% 
static accuracy and temperature 
controlled packaging. 


PROVEN 
APPLICATION 


For use in control systems and testing 
applications where long term stability, 
accuracy and dependability under ex- 
treme environmental conditions are a 
must. 


e in missiles for control, data recording 
and testing applications. 


e in aircraft for testing, remote read-out 
and data recording applications. 


e in industrial applications for data re- 
cording, remote read-out, remote control 
systems and testing applications. 


e in telemetry for use with voltage con- 
trolled oscillators. 

Write today for your 
Tavis Data Sheets on: 
DIGIDUCER — Digital output pressure 

Transducer 
ACEDUCER — 60 CPs input, D.C. out- 
put, 0.1% secondary pressure standard 


Sub carrier oscillator and integral 
pressure Transducer 
..Write Today 


avis 


For Complete TAVIS Story . 
tthe lh fie i Se Sa es oo, 


¢ et FF INSTRUMENT 


1711 5S. MOUNTAIN AVE.* MONROVIA, CALIF 
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NEW PRODUCTS 


300 for input impedance of 5,000 
ohms, but gain of up to 1,500 is 
possible for low impedance). Lear, 
Inc., Grand Rapids, Mich. 

Circle No. 353 on reply card 


LOW LEVEL AMPLIFIER 


A new wideband amplifier has been 
designed to amplify signals from strain 
gages, thermocouples, and other low 
level signal sources in accurate data 
acquisition and processing systems. 
Bandwidth of dc to 40 kc is unaffected 
by gain setting or load resistance; 
maximum noise level is less than 12 
microvolts to 50 kc. Minimum input 
impedance is 100,000 ohms over en- 
tire band. Output is +50 volts at 
+50 ma. Common mode rejection 
is 130 db to 100 cps, capable of re- 
jecting common mode signals up to 
200 volts. Computer Engineering 
Associates, Inc., Pasadena, Calif. 
Circle No. 354 on reply card 


PLUS... 


(355) Small general purpose memories 
from Telemeter Magnetics, Inc., Cul- 
ver City, Calif., are priced from $5,350 
for a 128-word unit to $10,450 for a 
1,024-word unit. ... (356) New 
miniature electric brakes and clutches 
for instrument power drives rated up 
to 1.5 lb-in. are now available from 
Warner Electric Brake & Clutch Co., 
Beloit, Wis. 

Circle No. 355, 356 on reply card 


ACCESSORIES 
& MATERIALS 


ELECTRONIC GRADE MgO 


Said to be purer by a factor of 10 or 
even 15 than any previously made, 


MOTORS 
ACTUATORS 


BUILDING BLOCKS 
FOR THE SPACE 


by 


| Jl aenn-te) ile 
—— |=) =e) Nin an ore) 


MODEL 0D-1212—Designed for 2nd 
Stage Minuteman guidance system 
Horsepower 3.95 
Power 
Weight 
Weight with filter 
FEATURES: 

Excellent h.p./wt. ratio « Reduced 
size * Advanced design « High 
history of reliability 
MODEL D-1115—Designed for F-104 
pilot seat actuator ( Mil-E-5272 A) 
Power 26 vde (or 400 ac 
Weight 8.5 ibs 
Travel 0.34 in/sec 
Stroke 4.5 in 
Normal Load 400 Ibs. total 
Compression Load 4100 Ibs 
Tension Load 12,000 Ibs 
MODEL 0D-822—Designed for F-104 
trailing edge silat actuator 
Normal Operating load _ 26,000 in. ibs 
Max. Operating load . 52,000 in. Ibs 
Ultimate Static load . 75,000 in. Ibs 
Travel 45° at 0.625 rpm 
Amperes 

4 amps at 26,000 in. Ibs. at 480 

cps on 200 voits 
Weight 35 Ibs 
MODEL D-1029-1—Designed for pump 
applications, antenna drive systems, 
actuators and stabilizer applications 
Terminal voltage 26.6 vac 


26 vde 
6.3 Ibs 
8.8 Ibs 


Horsepower 6 hp 
Speed 7500 rpm 
Duty cycle 

4.5 hp for 7.5 min 
20 sec 
Weight 20 Ibs 
ES development engineers weicome 
the opportunity to furnish an engi- 
neering estimate on your specific re- 
quirement. Emergency circumstances 
given special consideration. Ask for 
the EEMCO DIVISION design foider 


6.0 hp for 
2.0 hp for 30 min 


1D (Se) 


AGE 


ELECTRONIC SPECIALTY CO 
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” 1500 Ib. 


P-K Paul Venturi-Ball 
Valve Specified By 


PP ct ARGONNE 
wa 4 NATIONAL 
NATIONAL LABORATORY 


LABORATORY 


P-K Paul Liquid 
Metal Valve 

in test loop 
under maximum 
temperature 
and pressure 
conditions at 
Argonne 
National 
Laboratory 
test site. 


FOR 


Manually ES ' 1600°F 


Operated 
Barstock 


Valve of LIQUID 


316SS, 
Stellited 


trim, with i. SODIU M 


Bellows = is 


Bonnet. 











A year and a half ago Argonne National Laboratory selected a 
stock P-K Paul Liquid Metal Valve for testing and evaluation. Ex- 
perience gained in testing this valve led to the purchase of five ad- 
ditional valves of this type for use in the TREAT “In-Pile Sodium 
Loop’’. Their use for this difficult service — tight shut-off of liquid 
sodium at operating temperatures above 1000°F — illustrates 
again the superior performance of the unique Venturi-ball design. 


The P-K Paul Valve offers high flow capacity, wide rangeability, 
straight through non-turbulent flow, low operating thrust, self- 
purging characteristics, high resistance to erosion, abrasion and 


corrosion, and, most important in this application, positive 
shut-off. 


For specification and application informa- 


tion on the complete line of P-K Paul 


Valves, write today for General Catalogue 
GV101. 


General Kinetics Corporation 
197 South Van Brunt Street - Englewood. New Jersey 
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electronic grade magnesium oxide has 
now been made available. Up to now 
MgO has been grown for optical put 
poses. Now there is evidence that 
the material will be a future high 
temperature semiconductor material 
and the primary maser material. Its 
melting point is 3,080 deg C. Ultra 
pure MgO can thus be used in semi- 
conductor devices because of its sta 
bility at high temperature. Doped 
MgO can be obtained from a grown 
junction and used as barrier devices. 
Semi-Elements, Inc., Saxonburg. Pa 
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PACKAGED LABORATORY 


Laboratory for Servomechanisms is 
the tradename for the packaged 
laboratory shown above that has been 
introduced to meet the requirements 
of colleges and industry for instruc 
tion, demonstration, and development 
of feedback control systems. The 
integrated system is complete with 
all components, test apparatus, and 
manuals required to perform all liner 
and many nonlinear—feedback con- 
trol experiments. The lab uses modu 
lar components connected by patch 
cords for the construction of systems 
Superior Mfg. & Instrument Corp., 

Flushing, N. Y. 
Circle No. 358 on reply card 


PROGRAMS AUTOMATICALLY 


Shown above is the new 8-channel, 
time base punched tape program- 
mer for automatically programming 
standard teletype punched tape. The 
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Teletype machines help 
cut costly paperwork 


Tape Punch Tape Reader 


A Teletype machine equipped with a simple sprocket-feed 
mechanism can handle multi-carbon forms as readily as the more 
familiar plain paper on which messages are transmitted. Thus 
distances can be bridged not only with information, but with 
information that is preprocessed, ready to go to work. 

Example: A sales order is transmitted from branch office to 
home office and reproduced accurately and precisely on 
a form in the Teletype machine—with carbons for production, 
accounting, shipping, etc. No further order-writing 
effort needed, no recopying errors. FREE Model 28 line folder. Write Dept. 263 

Teletype printers handle a wide variety of multi-copy 5555 Touhy Avenue, Skokie, Illinois. 


forms. Moreover, the usefulness of this technique can be ® 
further extended with Teletype tape punching and reading 

equipment—which can capture, store and utilize repetitive 

data to further mechanize paperwork procedures 


Teletype Corporation manufactures this equipment for 


the Bell System and others who require the finest in data Cc oO R —_ O RAT ! oO N 


communications equipment. «ke 
sussiniary or Western Electric Company ic. 


Send-Receive Page Printer Automatic Send-Receive Set 
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end 
amplitude stability 
problems... 


with this new low-distortion 


ac power source! 


New from Krohn-Hite: this variable-frequency, 50 watt ac power 
source, with the long-desired specifications of less than 0.01% 
amplitude stability and 0.1% harmonic distortion! The LDS-1500 
offers a continuously variable wide range of voltage and current — 
up to 1500 volts, and up to 12 amps, at any frequency from 20 cps 
to 20 kc. 


The short-term stability and low distortion now makes it possible 
for you to calibrate conventional indicating ac voltmeters and 
ammeters, and digital meters to lab standards, yourself! 


As a general-purpose variable frequency source of distortion-free, 
highly stable power, the LDS-1500 has many applications. Distortion 
measurements at high power levels of precision resolvers, inductors, 
gyro motors and other electro-magnetic components can now be 
made with greater accuracy and ease. 


The 50 watt power output of the LDS-1500 is ample to supply test 
benches, for quality control testing at unusual frequencies. 


Investigate this unusual ac power source. Its unsurpassed stability 
and distortion characteristics, its convenience of continuously vari- 
able frequency, voltage and current — make it a basic instrument 
of the industry. Send for complete technical specifications. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue + Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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device provides precision time base 
programming with 20 min of pro- 
gramming at a standard tape speed of 
1 ips. Completely self-contained, the 
unit measures 5 x 8 x 6 in., including 
storage space for reels to hold 100 ft of 
tape. Output is an 8-channel switch 
closure with common return insulated 
from chassis ground. Separate motors 
are used for forward drive and auto- 
matic rewind. Price: $875.—Anaheim 
Electronics Div., Electronic Engineer- 
ing Co. of Calif., Santa Ana, Calif. 

Circle No. 359 on reply card 


SELF-CONTAINED TEACHER 


A new instructional device called the 
Controlab is designed to simplify 
teaching feedback control system de- 
sign and testing for colleges and in- 
plant training. Using Controlab the 
student actually constructs a system by 
wiring between points on diagrams 
displayed on a patch panel board. The 
system contains all necessary elec- 
tronic, mechanical, and _ electro- 
mechanical components and equip- 
ment. The technique was developed 
by Prof. Vincent Del Toro of the City 
College of N. Y.—Shaw Controls, Inc., 
Garden City Park, N. Y. 

Circle No. 360 on reply card 


SYSTEMS 


20 TIMES FASTER 

The advanced solid state 7074 data 
processing system is twice as fast in 
business data processing and up to 20 
times as fast in scientific computations 
as the manufacturer's 7070 system. 
But typical 7074 systems will sell or 
rent for only about 22 percent more 
than 7070’s. In addition, any 7070 
can be converted to a 7074 on site by 
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the replacement of three 7070 modules 
with two high speed 7074 compo- 
nents. ‘The 7070 programs can be ap 
plied directly to the 7074. Fixed point 
processing speeds for the 7074 (in op- 
erations per sec): addition or subtrac- 
tion, 100,000; multiplications (10 x 5 
digits), 23,250; logical decisions, 250,- 
000. Floating point speeds: addition 
or subtraction, 62,500; multiplication, 
16,667; division, 10,400. Core storage 
access time is 4 microsec; core to core 
transmission rate is 1.25 million digits 
per sec. Price: $1,284,350 or $29,300 
rental per month.—International Busi- 


ness Machines Corp., Data Processing | 


Div., White Plains, N. Y. 
Circle No. 361 on reply card 


DATA ARE COMPATIBLE 


Data output that is directly acceptable 
to most computers is the feature of a 
new, low cost, high speed, low level 
differential data acquisition system. 
Modular design of the solid state sys- 
tem allows acceptance of all types of 
clectrical signals. Components of the 
basic system are a new high speed 
scanner in 10 channel multiples, a high 
speed analog to digital converter, and a 
new output format control. Inputs 
which may be connected without pre- 
amplification include thermocouples; 
strain gages; and pressure, flow, and 
level transducers. Scanning speed is 
600 channels per sec. — Electro In- 
struments, Inc., San Diego, Calif. 


Circle No. 362 on reply card 


DECIMAL CONTROL 


Absolute decimal control is used in the 


new Model 600 numerical positioning | 
system for point to point positioning 
of machine elements. Input to the | 
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And ies anew improved version ¢ 
“most famous Recorder/ Reproducer : 
GR-2500. It handles Analog, _ 
FM, PDM, CM, and digital 

| modes, has interchangeable 
‘plug-in amplifiers. 


Engaged in critical data ana- 
lysis? Rely on CEC’s new 
GL-2510 Continuous-Loop Re- 
corder / Reproducer — with 14 
Analog, FM, or PDM plug-in 
amplifiers and six tape speeds 
from 1% through 60 ips. 


Completely mobile and ideal 
for airborne use, the new 
AR-2100 Recorder provides 
14 channels in Analog, FM or 
PDM modes...all in a rugged, 
lightweight die-cast case. 


Rounding out CEC’s line of tape instrumenta- 
tion equipment is the 5-055A Automatic 
Tape Degausser. This new unit accepts 
reels from 7” to 14” dia. and widths from 


¥,” to standard 2” TY tapes. Erases to -70 db. 


FOR MORE INFORMATION: PR-2300 Portable Recorder — 


ae “" “2  — 6 


CONSOLIDATED ELECTRODYNAMICS / pasadena 


Belle Howell - 





NEW PRODUCTS 


controller can be by rotary decimal 
dials, full keyboard, 10-key keyboard, 
or eight-channel punched tape. ‘Tape 
code is standard eight-channel pre- 
pared by a Flexowriter or the manufac- 
turer's own punch. Capacity is six 
decimal digits per axis with accuracy 
to 0.001 in. and repeatability to 0.0002 
in. Maximum traverse rate is 150 in. 
per min.—Carlton Controls Corp., 
Worcester, Mass. 


lower in density, 


more ohms per pound, 


less cost per megohm! 
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CONTROLS COMPUTERS 


| Pr \ The transistorized ADRAC—Auto- 


matic Digital Recording And Control 
system—is specifically designed to mon- 
itor and control up to 10 analog com- 
puters of 10,000 inputs each. It can 
also be used, though, wherever data 
logging, reduction, and control are re- 
quired, such as in process operations. 
When used in analog computing, 
ADRAC speeds or eliminates prob- 
lem setup or checkout. Via punched 
tape it selects a computer, places it 


HOSKINS ALLOY 


O D Precision 
Resistor Wire 








12.8 to 14.1% more ohms per pound! 10.8 to 12.7% 
less cost per megohm! These are worthwhile savings 
you can realize by using Hoskins Alloy 815-R in your 
precision wire-wound resistors. It’s lower in density, 
has higher resistivity than standard 800-ohm nickel- 
chromium alloys. Yet it possesses comparable strength, 
ductility, resistance to corrosion. Its low temperature 
coefficient (0 +10ppm per °C. from —65° to +150°C.) * 
is inherently controlled in the melt, rather than by 
“aging’’, to assure optimum uniformity. And it’s 
available now bare or enameled in wire sizes ranging 
from .0031” down to and including .0004” to meet 
your particular application requirements. 


Yours for the Asking— Handy new Resistor Wire 
Comparator showing actual savings obtainable for 
each wire size. 12-page catalog containing com- 
plete technical data. Sample spools of wire for 
testing and evaluation. Send for them today! 


*Wire controlled to 0 + 20ppm/°C. also available at greater savings —up to 19.6% lower cost/megohm. 


in an operating mode, sets the compu- 
ter elements like potentiometers with 
an accuracy of +0.01 percent, reads 
back the voltage variables to check 
computer element settings, and then 
initiates solution.—Computer Systems, 
Inc., Monmouth Junction, N. J 
Circle No. 364 on reply card 


LOW COST, FLEXIBLE 


Production accuracy to within 
+(0.0002 in. on a 40-in. worktable is 
possible with a newly announced nu- 
merical control system. The system 
also features low cost and flexibility 
achieved by modular design. Rapid 
change of units can be easily accom- 
plished by a plant technician. Ac- 
curacy is obtained by separating the 


HOSKINS manvuracrurING COMPANY 


4449 Lawton Avenue « Detroit 8, Michigan -¢« TYler 5-2860 
In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 


actuation system from the measuring 
system.—Diehl Mfg. Co., Subsidiary of 
The Singer Mfg. Co., Somerville, N. J. 
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Producers of Custom Quality Resistance, Resistor and Thermo-Electric Alloys since 1908 
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as easy as 


falling off alog 


It’s entirely possible that 

sensitive relays frustrate 

you, perhaps almost as much 

as they do us. Even the 
world’s finest (applicable Sigma types on 
request) occasionally demonstrate Flagle’s 
Law of the Perversity of Inanimate Ob- 
jects, by performing in atotally unexpected 
manner for reasons that are either obscure 
or completely mysterious. 


Frequently we have found that such 
problems can be anticipated and thereby 
overcome by a ridiculously simple dodge. 
Consider the relay as three devices: (a) 
a motor, (b) a switch, and (c) something 
that may have to work extra fast, extra 
certainly or extra something else amid 
the 100 g’s, heat, dust, blood, sweat and 
100 hours of salt spray tears present in 
both birds and barroomguke boxes. 


With the problem thus neatly parceled 
out, you then consider whether you have 
an on-off, sliding current or single pulse 
signal for the “motor” to respond to; a 
resistive, inductive, horsepower or dry 
circuit load to hang across the switch, 
and for how long and how often this load 
will want to be turned on or off; and 
what sort of surroundings the relay will 
actually have, and whether all the tax- 


payers or just one 25¢ customer will suf- 
fer if the relay doesn’t operate. There 
are other considerations such as size and 
cost, which you'll have to face eventu- 
ally, but it’s usually best to get a, b and 
c straightened out first. 


If it turns out that the motor, switch 
and environmental immunities you have 
to have just don’t exist in a single relay, 
either you'll have to change something 
or use more than one relay — or talk 
somebody into building you a special re- 
lay. You can do one other thing: call up 
one of Sigma’s application engineers and 
tell him your troubles. 


He has all sorts of answers, is anxious to 
have you buy some relays (Sigma) that 
will work for you, and has the advantage 
of doing nothing but wrestling with ap- 
plication problems all day long. You'll 
have to answer a lot of questions, but 
that’s part of the game. We can also send 
you technical dope sheets on various ap- 
plication considerations, if you'll tell us 
what you particularly want to know. It’s 
surprising how well even a relay will be- 
have, once it’s applied with your eyes 
open. This is one important aspect of re- 
liability that may be lost in the statisti- 
cal jungle. 


SIGMA 


SIGMA INSTRUMENTS, INC 
69 Pearl Street, So. Braintree 85, Sail 


AN AFFILIATE OF THE FISHER - PIERCE CO. comes 1908) 
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NEW... 
PYRO-EYE* 


Two-Color 
Optical Pyrometer 


provides 
fully automatic temperature measurement, record- 


ing and control in the ranges from 750°C to 2500 °C 
and 1400°F to 4500'F. 





Pyro-Eye is designed for in-plant and laboratory 
temperature measurement of incandescent molten 
metal, glass, ceramics, billets, rods, sheets, refrac- 
tories and many other high temperature applications. 


Continuous, automatic measurement and control of 
high temperatures is now possible because Pyro-Eye 
provides a high degree of repeatability and accuracy. 


Pyro-Eye is accurate because it is relatively unaffected 
by unknown or variable emissivity. It measures tem- 
perature as a function of spectral characteristics ... 
not as a function of total radiation. 


*Trade Mark of Instrument Development Laboratories, Inc. 
Get full details... 
See PYRO-EYE in Booth 1603 
15th Annual ISA Exhibit 
N. Y. C. Coliseum, Sept. 26-30 


or write 





INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of ROYAL McBEE 


67 MECHANIC STREET, ATTLEBORO, MASS., U.S. A. 
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CONTROL BITS 


National Aeronautics and Space 
Administration is negotiating for a 
1-kw electric arc jet rocket engine with 
the Plasmadyne Corp. of Santa Ana, 
Calif., whose proposal was chosen 
from among 1] submitted to NASA. 
In this type of rocket, capable of low 
level thrusts primarily for attitude 
control, propellant passes through an 
electric arc, is heated to several thou- 
sand deg F and then expanded 
through a rocket nozzle. The Plasma- 
dyne engine is to be completed in 12 
months, will have a minimum thrust 
level of 0.01 Ib. 

. 

New entry in the optical reading 
machine field is Philco Corp. which 
has won a contract to develop an all- 
electronic alphanumeric recognition 
device for the U. S. Post Office Dept. 
Ihe system is to read envelope ad- 
dresses by separate recognition of the 
26 letters in the alphabet and 10 
numerals— without the use of special 
symbols or magnetic ink. Electronic 
scanning techniques will be employed 
to locate the addresses on the enve- 
lope. Identification rate Philco will 
shoot for: 1,000 alphanumeric char- 
acters per sec. 

° 

New measurement and control sys- 
tem to pulse nuclear reactors has been 
developed by General Dynamics’ Gen- 
eral Atomic Div. Primarily for research 
reactors, the new control produces a 
peak power level of over 1,000,000 Kw 
for a fraction of a second. Possible ap 
plications: industrial radiography or 
medical theropathy where intense 
sources of radiation are needed for 
short periods. 
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V7035A 

3-Way Servo Valve 
Maximum flow: 
6 GPM. Proof pres- 
sure: 3000 Psi. 


V7037B 

4-Way Servo Valve 
Maximum flow: 4 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


VJ307A 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


em 
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See Booth 269 at Production 


Engineers Show, 9-6 — 9-16, Chicago 


Rugged! 
Fine resolution! 
Wide flow range! 


Honeywell 


SERVO 
VALVES 


Now Honeywell offers you a complete line of electro-hydraulic 
servo valves designed to meet any industrial application, built 
to withstand all industrial environments. 

Honeywell Servo Valves feature integral LVDT electrical feed- 
back to give you the widest spring-rate selection available. Their 
new rate action assures greater inner-loop stability. They have 
a low hysteresis, low threshold, high speed of response and almost 
infinite resolution. They are torque actuated and can be mounted 
in any position. And, they have on/y one moving part so that main- 
tenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
the most dependable, efficient machine control possible. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dept. CE-9-87, 
Minneapolis 8, Minnesota. 


Honeywell 
|H) me: in, Coutol 


SINCE 16865 
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NOT THE SIZE OF THE JOB 


but the demand for positioning 
accuracy determines the need for 


BEAVER BALL SCREWS 


Our engineers will be 
glad to work with you in 
determining if ball screw 
actuation belongs in your 
product as opposed to 
hydraulics or pneumatics. 
Call on us. 


Raytheon uses this Beaver Ball Screw in 
the “Hustler” search radar to actuate a 
delicate and extremely precise instrument 
control — everything else is classified, 


except that you can hold it between two 
fingers! 


z Sy : 
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One of the largest ball screws ever built. 
This 40 foot Beaver-Ball Screw positions 
the carriage of a giant steel mill roll lathe 
designed by the McIntosh-Hemphill Div. 
of E. W. Bliss. Chief advantages . were 
minimized break-away friction and re- 
duced power. 


q Largest 


Seaver fie 
Drecision 
{ Droducts 


i INC. 
« CLAWSON, MICH. 





...9 basic types 


temperature-compensated motor-tachometers 


Only at Daystrom's Transicoil Division can 
you find such a splendid array of temperature 
compensated high-accuracy motor-tachometers. 


Here’s the lineup: 

4- and 6-pole in Sizes 8 and 11; 4- and 8-pole in 
Sizes 15 and 18; and a special high-torque 4-pole 
model in Size 18. But this is only the beginning— 
it doesn’t include all the variations in motor wind- 
ings and shaft configurations that we can conjure 
up to meet unusual requirements. 


And what about performance? Let us 
merely assure you that these are the most tem- 
perature stable servo components of their kind 
we've ever had the opportunity to test. 


1 tig 
DAYSTROM s INCORPORATED 
1 vem 


TRANSICOIL DIVISION 


Deviation of Output Voltage vs. Ambient Temperature 

0.35 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 

0.05 

0.10 

0.15 t — 
- - +40 +60 +80 +100 +120 +140 

AMBIENT TEMPERATURE C 


% DEVIATION OF OUTPUT VOLTAGE 


Ask to see our specification sheets and then 
discuss your needs with Daystrom’s Transicoil 
Division. 


Foreign: Daystrom International Div., 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER +» MONTGOMERY COUNTY + PENNSYLVANIA 
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For SIMPLIFIED 





TRANSISTOR and DIODE 
TEMPERATURE MEASUREMENTS 


THE NEW RESCON 
TRANSISTOR THERMAL 
TEST SET 


This single, self-contained unit provides complete 
facilities for temperature measurement problems in de- 
signing electronics equipment. It is especially applicable 
for determining transistor junction temperature 
measurements, 

Determination of heat sink efficiencies, temperature 
rises, thermal environmental conditions, location of 
“hot spots”, heat transfer efficiency of transistor mounts, 
and thermal gradients of the overall equipment are just 
a few of the unlimited applications. 

The Thermal Test Set is easy to use — all readings 
are accurate and direct — no batteries, power compensa- 
tions, calibrations or complex instructions required. 
Rugged construction for long-term service. 


So a G GN 


ELECTRONICS CORPORATION 


151 Bear Hill Road, Waltham 54, Massachusetts 
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Bulletins & Catalogs 


port valves. These include valves that are 
ait operated, solenoid pilot operated, as 
well as valves having a solenoid pilot with 
booster or a double solenoid pilot. Fea- 
tures include valve selection tables, parts 
tables, and cutaway drawings. 

(409) LVDT AUXILIARIES. Schaevitz 
Engineering. Catalog SE-60-2, 4 pp. Il- 
lustrates and describes a line of instru- 
ments designed for use with linear variable 
differential transformers in measuring, indi- 
cating, recording, and control systems. 
Instruments include an extended scale in- 
dicator, recorders, transformer and bridge 
demodulators, a servoamplifier, a microm- 
eter test stand, a reference transformer, and 
a line of filters. 

(410) PRESSURE PICK-UP. Consoli 
dated Electrodynamics Corp. Bulletin 
4382, 2 pp. Offers details on a new Type 
4-382 potentiometer pressure transducer, 
a lightweight instrument designed for mis 
sile and aircraft applications in low pres 
ure ranges. Illustrations include photo and 
dimension drawings. 


(411) INDUSTRIAL AUTOMATION. 
General Electric Co. Bulletin GED-3908, 
16 pp. Assesses the current state of the 
automation art, summarizes the need for 
economic benefits of automation, provides 
information for management on six key 
functions of automation: process control, 
computing, instrumentation, numerical 
control of machines, sensing, and the 
field of communications. 

(412) MAGNETIC PARTICLE 
CLUTCHES. Lear, Inc. Brochure, 16 
pp. Describes characteristics of magnetic 
particle clutches ranging in capacity from 
2.5 oz-in. to 1,900 lb-in. Curves, installa 
tion drawings, and other illustrations are 
used to acquaint design engineers with 
10 different series of clutches and their 
possible uses. 

(413) INDUSTRIAL TELEMETERING. 
Electro-Mechanical Research, Inc. Bro- 
chure, 8 pp. Pictures simplify descrip- 
tion of the ASCOP industrial telemetering 
equipment and how it works. Also out- 
lines typical systems and provides detailed 
specifications. 

(414) SMALLEST 115-VOLT SERVO- 
MOTOR. Helipot Div. of Beckman In- 
struments, Inc. Data sheet No. 60250, 
4 pp. Contains advanced performance 
data on a new Size 8 servomotor wound 
for 115-volt operation. In addition to di- 
mensional outline drawings and torque- 
speed characteristic curves, bulletin notes 
construction details and spells out all 
principal characteristics. 

(415) CLUTCHES & DIFFEREN- 
TIALS. Sterling Precision Corp. Catalog 
No. 63, 48 pp. Offered as a supplement 
to Sterling’s general catalog, this booklet 
presents a complete stock line of minia- 
ture magnetic clutches, brakes, and pre- 
cision differentials. 

(416) TRANSFORMER DATA. Triad 
Transformer Corp. Bulletin TY-61. Pro- 
vides complete electrical and mechanical 
specifications on all units of Triad’s tran- 
sistor transformer line, including resistance 
and capacitance values for all circuits. Also 
shows wiring diagrams and schematics and 
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This desk size 160 COMPUTER (for only $60,000 basic cost) wil 
solve hundreds of engineering and scientific problems at 
Speeds greater than many large-scale computers in use today 


. : — a ee 








COMPARE THESE FACTS 





160 COMPUTER SPEEDS 160 EXECUTION SPEEDS OF TYPICAL SUBROUTINES 


BASIC CYCLE TIME — 6.4 millionths of a second Performs 22-bit addition in 185 millionths of a second 
BASIC ADD TIME — 12.8 millionths of a second 
AVG. EXECUTION TIME— 15.0 millionths of a 
‘ | 

BePORIRA TION READ AVAILABLE Performs sine of X, through X + quadruple precision, avg. com- 
AFTER START OF CYCLE — 2.2 millionths of a putation, one value, in 190 thousandths of a second 


second Sorts 10,000 80-character records in 18 minutes 


Performs multiplication with 22-bit product in 1 thousandths of a 
second 








BASIC FACTS Low cost ($60,000 purchase price — lease DATA CONVERSION VERSATILITY 
policy also available) e All transistorized 5 megacycle cir- 160 to Magnetic Tape e Magnetic Tape to 160 
cuitry e@ Magnetic core storage e Non-volatile memory e 160 to Li Detster © 100.40 Gend Ponch 
e 63 instructions e Complete programming package e Com- : > sae SEES a 2 _— 
plete line of peripheral equipment e High reliability, low © Card Reader to 160 © 160 to Electric Type- 
power consumption (500 watts) e Operator display panel writer @ Electric Typewriter to 160 e 160 to 
where programs can be, if desired, loaded manually Paper Tape e Paper Tape to 160 








For complete information, 


na crores’. uanson, CO) |) CONTROL DATA CORPORATION 


Director of Sales 


Computer Division 501 PARK AVENUE + MINNEAPOLIS 15, MINNESOTA * FEderal 9-0411 
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suc STEPPER 


Accuracy: Within 6 min. of arc 
when driven by either motor. 


Incremental shaft rotation: 2 
degrees. 


This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis- 
placements. 


The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc 


7442 West Wilson Avenue ® Chicago 31, Illinois 
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Bulletins & Catalogs 


lists typical transistors and rectifiers for 
each transformer. 

(417) HIGH TEMP MOTOR. Airborne 
Accessories Corp. Product Bulletin PS-8A, 
4 pp. Describes the company’s HM-420, 
a high temperature ac motor having a 
working ambient temperature range of 
from —65 to +600 deg F. Contains a 
photo of the motor along with perform 
ance curves, outline drawings, general en 
gineering data, and a section on special 
design features. 

(418) THERMOCOUPLE ASSEM 
BLIES. Conax Corp. Catalog 1890, 32 
pp. Superseding catalog 1885, this catalog 
fully illustrates and describes a complete 
line of thermocouple fittings, pressure seal 
ing glands, and thermocouple accessories. 
(419) RECORDING OSCILLOGRAPH 
Consolidated Electrodynamics Corp. Bul 
letin 1623A, 8 pp. Contains a detailed 
description of CEC’s Type 5-123 recording 
oscillograph, using photos and drawings to 
illustrate special optical, mechanical, elec 
trical, and physical specifications 

(420) THERMISTOR MANUAL. Fen 
wal Electronics, Inc. Bulletin DMC-3, 
24 pp. Describes what thermistors are 
and what they do, gives several examples 
of how they are used, tells how to solve 
thermistor problems, and contains a list 
of aids that have been developed specifi 
cally for such problems. 

(421) MOISTURE MEASUREMEN' 
Henry Francis Parks Laboratory. Bulletin, 
4 pp. Interesting discussion on moisture 
measuring techniques and the reasons be 
hind the company’s selection of a par 
ticular type of moisture gage 

(422) ADJUSTABLE TIME DELAYS 
G-V Controls, Inc. Technical Publication 
No. 80, 4 pp. Contains dimensional draw- 
ings, typical performance curves, and com 
plete specifications covering two types of 
general purpose transistorized time delay 
relays with delays of from 0.1 to 300 sec 
(423) PRESSURE ‘TRANSMITTER 
Conoflow Corp. Bulletin P-36-1, 2 pp 
Presents details on the design, operation, 
and application of the Model P pressure 
and liquid level transmitter. Photos, sec 
tional drawings, and schematics illustrate 
the text. 

(424) FAST TAPE PERFORATOR. 
Soroban Engineering Co. Booklet, 20 pp. 
Describes the mechanical components, cir- 
cuit design considerations, operating the- 
ory, and complete performance character- 
istics of the company’s Model GP-2 Super- 
Speed tape perforator. 

(425) MOTOR-TACH GENERATOR. 
John Oster Manufacturing Co. Data Sheet 
6252-03, 2 pp. Deals with a new Size 11 
combined motor-tach generator unit. De- 
tails include complete performance speci- 
fications on both elements as well as me- 
chanical and physical characteristics 

(426) INDUSTRIAL MEMORY SYS 
TEM. Republic Electric & Development 
Co. Brochure, 4 pp. Provides complete 
information on the Magnestat memory 
system, a system built around a magnetic 
memory disc and designed for a wide range 
of industrial applications in handling, 
marking, sorting, or conveying equipment. 
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When the requirements seem impossible... 


~ 


48 precious metal contacts on a 12' circle... 
maintaining oosr..r. planar tolerance 


To SEE under the sea takes a scanning commutator with seemingly 
impossible tolerances to insure reliability in ship sonar. That is 
why compression-molded SUPRAMICA® 500 ceramoplastic ma- 
chinable insulation was chosen . . . a proud example of MycaLex 
CORPORATION OF AMERICA craftsmanship. 

The specifications are most demanding, the requirements highly 
critical . . . plates must be flat within .0003” and embody precision- 
machined recesses to accept 48 pure silver contacts. The angular 
displacement of the contacts is held to +1 minute. The combina- 
tion of contacts and SUPRAMICA 500 together must accept a 
2 micro inch surface finish. The application 
requires that these tolerances are guaran- 
teed for the life of the commutator during 
which the environmental conditions run 


General Offices and Plant.: 
127 Clifton Boulevard 
Clifton, N. J. 





MY CALEX 


CORPORATION OF AMERICA 


the gamut of humidity and temperature. 

The MYCALEX fabricating facility is not only fully qualified 
to furnish the fabrication of such parts but will design and pro- 
vide required hardware. For gauge-like specifications on large 
production runs or short prototype quantities . . . our engineers 
are ready, capable, and equipped to assist you with your de- 
sign and production requirements. Write for information on 
SUPRAMICA ceramoplastics offering maximum temperature 
endurance (unstressed) up to +1550°F. and SYNTHAMICA® 
synthetic mica with maximum temperature 
endurance (unstressed) up to +2000°F. 

. . the family of the world’s most nearly 
perfect insulation materials. 


Executive Offices : 
30 Rockefeller Plaza 
New York 20, N. Y. 








World's largest manufacturer of ceramopiastics, giass-bonded mica and synthetic mica products 
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Heinemann can give you any set delay from a 
quarter-second wink to a two-minute yawn, all 
wrapped up in a relay no bigger than a healthy ice 
cube. Called the Type A Silic-O-Netic Relay, this 
three-ounce time-delay unit offers S.P.D.T. or 
D.P.D.T. switching, with up to three amps’ con- 
tact capacity. All of which is pretty good, but the 
real clincher is the continuous-duty coil. It permits 
the relay to be energized continuously, to serve as 
a load relay, too. This eliminates the need for 
auxiliary lock-in circuits. Result: substantial 
savings in space, wire, solder—and dollars. Bulle- 
tin 5003 gives detailed specifications; a copy is 


yours, of course, for the asking. 


HEINEMANN ELECTRIC COMPANY 


156 PLUM STREET > TRENTON 2, NEW JERSEY 
2175 
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(Continued from page 56) 


control maker, have been combined 
in a new Systems and Controls Group 
to promote interchange of ideas and 
permit integration of individual com- 
ponents in complete systems. 
Included in the group are Hydro- 
Aire Co., Burbank, Calif.; Chapman 
Valve Manufacturing Co., Indian 
Orchard, Mass.; and Swartwout Co., 
Hooksett, N. H. Hydro-Aire special- 
izes in hydraulic, pneumatic, and elec- 
tronic controls; Swartwout was a 
pace-setting originator of electronic 
controls; Chapman makes valving. 


British Instrument Dilemma: 
Did the Moscow Show Pay Off? 


MOsScOW— 
British instrument manufacturers 
can’t be sure yet just how well aggres- 
sive sales efforts in the Soviet bloc 
will pay off. Acting under the auspices 
of Britain’s Scientific Instrument 
Manufacturers Association, 41 firms 
put on an exhibition of their wares 
in Moscow’s Polytechnic Museum 
June 18-29 (reported in CtE, Jan. ’60, 
p. 57). Results of the show: $616,000 
worth of instruments were sold. 

But when this $616,000 is divided 
up by the 41 companies—after sub- 
tracting $101,600, the largest single 
sale, an Elliott 803 computer—and 
allowing for the show’s expense av- 
eraging $8,400 apiece, it’s hard to say 
whether the trip was worth it or not. 

¢ British think so—Some SIMA 
members think so. One comment on 
the show’s worth came from Manager 
Woodhead of Cossor Instruments 
Ltd.: “We have sold everything on 
the stand we wanted to sell.”’ In fact, 
95 percent of all the instruments in 
the show were sold on the spot. 

There was interest aplenty among 
the more than 5,000 “interested”’ visi- 
tors. Tons of literature, prepared in 
Russian, disappeared almost as fast 
as it could be handed out. ‘But part 
of the problem of doing business with 
the Russians is finding the key people. 
One spokesman explained the prob- 
lem: “Obviously not all the visitors 
were people we really wanted to reach. 
Many of them were students or young 
technicians out to learn what they 
could. But one can’t afford to refuse 
literature to anyone—he may be con- 
nected with an important institute. 

¢ Sell the user—Behind the show was 
British feelings that contacts with the 
huge, cumbersome Soviet trading or- 
ganizations like Mashpriborentorg (the 
machine instrument trade bureau) are 
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MECHATROL ROTATING COMPONENTS 


Whatever the particular application for precision 
rotating components, you can depend on Mechatrol’s 
versatile Engineering and Production experience to 
resolve the problem of supplying the right motor to meet 
your requirements, either‘during the initial design stage 
or the production phase. Mechatrol is always ready 
to lend assistance , whether the need be for a standard 
type of unit or one that meets the exacting environ- 
mental requirements for advance types of missiles, space 


We would be pleased to send you our new 
motor catalog RC 600 which provides 
complete technical data on precision rota- 
ting components. Please submit requests 
on your company letterhead. 


SEPTEMBER 1960 


vehicles, undersea or airborne crafts. Mechatrol’s com- 
ponents are offered in a wide variety of frame sizes 
ranging in diameter from 1/2 inch to 2 inches. These 
include servo and synchronous types with or without 
integral gearheads, viscous and inertially damped 
servo motors, miniaturized damping tachometers and 
temperature compensated integrating tachometers. 
High performance components delivered on schedule to 
meet every requirement. 


MECHATROL DIVISION 


SERVOMECHANISMS/INC. 


1200 Prospect Avenue, Westbury, L. |. New York 


Mechatrol of California, 12500 Aviation Bivd., Hawthorne, Calif. 
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MASSA 


RECORDING SYSTEMS 


ZERO BASED 


LINEARITY 1/4mm 


(40mm FULL SCALE) 


The lightweight, high-speed oscillograph 
Model OS-600 shown at the right is provided 
with INDIVIDUAL LINEARITY CONTROL AD- 
JUSTMENTS for precisely setting the linearity 
at both extremes of deflections. This feature 
completely eliminates all errors due to in- 
herent production variations in spring stiff- 
ness and magnetic field distribution near full 
scale amplitudes. 

This rugged oscillograph, THE ONLY 
SOURCE FOR DIRECT RECTILINEAR INK WRIT- 
ING, accurately records signals from DC to 
120 cps. The electrodynamic drive system 
produces true rectilinear displacement of 
the pen tip. Electric writing can be effected 
by merely substituting an electric stylus for 
the ink pen. 


PORTABLE AND MULTICHANNEL SYSTEMS 


Available in 20 mm amplitude for rise time 
resolution of a few milliseconds, and 40 mm 
amplitudes. Individual transistorized driver 
amplifiers and power supplies for each 
channel designed to operate with frequency 
compensation either in or out. 


LINEARITY CONTROL ADJUSTMENTS 














PREAMPLIFIERS 


A wide choice of plug-in preampli- 
fiers is available to satisfy every 
recording requirement: low, medium, 
and high gain chopper DC, universal 
carrier and phase sensitive demodula- 
tor. Zero suppression is available on 
most models. 


WESCON Booth Nos. 557-558 


OTHER MASSA PRODUCTS 
ACCELEROMETERS MICROPHONES 
TRANSDUCERS HYDROPHONES 

AMPLIFIERS 


COMPLETE LINE OF MULTI-CHANNEL AND 
PORTABLE RECORDING SYSTEMS 
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A DIVISION OF 


ELECTRONICS, INC. 


@ FOTTLER RD. 


HINGHAM, MASSACHUSETTS 








WHAT'S NEW 


Russians huddle with a salesman at the British 
instrument show held in Moscow’s Polvtechnic 
Museum. On-the-spot sales were just $616,000, 
but the British hope there’s more to come. 


not enough. Reaching the end users 
will create a demand which will be 
reflected in the purchasing trusts. 

The British found that sales went 
in three stages. First, interested cus- 
tomers (laboratories, institutes, indus- 
tries) would express an oral desire to 
buy, but they lacked the authority. 
Next came negotiations with Mash- 
priborentorg, which eventually would 
give an oral “yes” or “no.” Last came 
the written contract. However, “when 
Mashpriborentorg says you're in,” 
said one firm’s salesman, “you can be 
pretty sure vou’re in.” 

The English squashed reports of 
tough bargaining sessions with the 
Russians, insisted that they were get- 
ting normal prices for their wares— 
except that they gave a discount in the 
form of free freight from England. 

On display was a wide assortment 
of instruments — mostly electronic. 
Gear exhibited: frequency regulators, 
industrial TV equipment, infrared 
spectrometers, analog to digital con- 
verters, computers, etc. 

Roughly a third of SIMA members 
showed up; companies included Hilger 
and Watts, Cambridge Instrument, 
Marconi Instruments, Avco Ltd., Mul- 
lard, and EMI, to mention only a few. 
The exhibition was set to coincide 
with the International Federation of 
Automatic Control Congress (see CtE, 
Aug. ‘60, p. 24) which opened 
June 27. 

One exhibitor was approached re- 
peatedly for the schematic diagram of 
an analog to digital converter—with 
no assurance that the apparatus would 
eventually be purchased. (It wasn’t. 
It pointed up another problem of 
doing business with the Russians: pro- 
tecting patent rights. 
¢ For copying purposes?—F or the most 
part the British realize the Soviet posi- 


CONTROL ENGINEERING 





AN EXTRAORDINARY PUBLISHING ACHIEVEMENT OF OUR TIME! 


Here Are the 
Fields Covered 


Many 


ACOUSTICS 
AERONAUT L 
AIRFRAMES 
AGRICULTURE & SOILS 
ANIMAL ANATOMY 
PLANT ANATOMY 
ANIMAL . SYSTEMATICS 
ASTRONOM) 
ATOMIC, MOLECULAR AND 
NUCLEAR PHYSICS 
BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOGY 
PLANT ECOLOGY 
ELECTRICAL 
ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT SCIENCE 
FOOD ENGINEERING 
FORESTRY 
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GRAPHIC ARTS 
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MEDICAL MICROBIOLOGY 
MINERALOGY AND 
PETROLOGY 
MINING ENGINEERING 
NAVAL ARCHITECTURE 
AND MARINE ENGG 
NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY 
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PETROLEUM CHEMISTRY 
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INVERTEBRATE ZOOLOGY 


The Entire Span of Today’s Scientific, Engineering 

x fie and Technical Knowledge Encompassed in a Monumental 
Reference Work Containing 8,500 pages of Text, 

> 800 Index Pages, 7,200 Articles and 9,700 Illustrations. 








SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 


Industry . . 


Over 6,000,000 Words — fromm Concise Articles to Amazingly Comprehensive 


Treatments . . . 100,000-Entry Index ...a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs ... many more than in any comparable work of reference. 


N epoch-marking publishing venture — pro- 
A viding up-to-date, authoritative information 
on all the sciences of our day — is being com- 
pleted. The new McGraw-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY will make readily 
accessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap- 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 


Unequalied in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
as near as your office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro- 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre- 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 


A Work of Unsurpassed Authority 


The names of the contributors read like a “Who's 
Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig- 
nificant work. 

Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
in a reference work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date 

By reserving your first edition set now, you will 
enjoy the benefit of a special money-saving introduc- 
tory price. Mail the coupon for full details. 


fa MAIL THIS COUPON 2tt) 


McGraw-Hill Book Company, 
327 West 41 Street, 
New York 36, New York 


Please send me without obligation your pre-view 
brochure on the new McGraw-Hitt ENCYCLOPEDIA 
or SCIENCE AND TECHNOLOGY in 15 volumes; also de- 
tails of your introductory price offer and terms of 
payment. (No salesman will call.) 


Dept. CON-9 


Name 


Addreass.... 


City & Zone 














’ TIMERS 


REMOVE AND REPLACE IN SECONDS 


The new plug-in feature of the Atcotrol 
Reset Dial Timer permits fast, easy 
timer removal and replacement... 
keeps industrial process ‘‘down time” 
to a minimum because complete 
timer changes can be made instantly. 


These Series 305 miniaturized timers 
control up to six individual load cir- 
cuits, AC or DC, within variable timed 
intervals or sequences, with high re- 
petitive accuracy. Able to perform 145 
different circuit functions, they reset 
in less than 1/10 second, either stop 
or reset upon power interruption. As 
with all Series 305 timers, the plug-in 
model offers exclusive one-hole 
mounting. 


PLUG-IN CONVERSION KIT 


Standard Series 305 timers will continue to 
be made available for applications where the 
plug-in feature is not desired. These timers 
and those already instalied, however, can 
easily be converted in the field to plug-in 
models. 


For complete specifications and a 
schedule of prices, contact your near- 
est ATC sales office. Request Bulletin 
N-141. 


AUTOMATIC TIMING & CONTROLS, INC. 
KING OF PRUSSIA,’ PENNSYLVANIA 


A Subsidiary of American Manufacturing Company, Inc. 


ATC, Div of Interprovincial Safety Industries, Ltd., 5485 Notre Dame St., West, Montreai 30, Quebec, 
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WHAT‘S NEW 


tion on patents is “obscure”. But they 
are willing to turn their heads for two 
reasons: first, there have been many 
repeat instrument orders placed by 
the Russians in the past, and second, 
instrument sales volume in the USSR 
is “very large indeed and has been 
growing in the last few years”. 

One exhibitor, Twentieth Century 
Electronics, was sounded out on grant- 
ing the Soviets licenses for manufac- 
ture of its neutron counters and other 
devices, but reportedly insisted on out- 
right sales in view of the difficulty of 
monitoring output volume in Russia. 

Future sales seemed to be the key to 
the British optimism. Elliott Brothers, 
for example, received indications that 
orders for 10 more computers might 
be forthcoming. And other companies, 
though most realized a profit from on- 
the-spot sales, were waiting to see what 
was to come. 

—Emest Conine 
McGraw-Hill World News 


Motorola Steps into Control 


PHOENIX, ARIZ— 

For the past two years Movworvia 
has been shopping to buy a company 
that would put it into the control 
business. But somehow Motorola 
could never find just the right or- 
ganization. Last month the builder 
of home and car entertainment ap- 
pliances, semiconductor devices, and 
microwave equipment solved the prob- 
lem itself. Assembling a nucleus of 
well known control men and banking 
on its recently established reputation 
for solid state electronics, Motorola 
formed a Solid State Control Dept., 
Dr. D. E. Noble, a company vice- 
president, told CtE. 

The new group is spawned from 
the company’s Communications, Semi- 
conductor, and Military Electronics 
Divs. located near Phoenix. To aug- 
ment the company’s own capabilities 
in the field. Motorola has added some 
outside technical talent. 

Two top executives in the new de- 
partment are Kenyon and Charles 
Swartwout, who had previously built 
the Swartwout Co, into a pioneer in 
the electronic process control field be- 
fore selling the controls division to 
the Crane Co. (CtE, Feb. ’60, p. 42). 
Another control newcomer to Mo- 
torola is Oliver H. Mackley, who 
started the Ohmac Co. of Phoenix to 
supply control equipment to the util- 
ity industry after spending 17 vears 
with RCA and serving a stint as vice- 
president and general manager of Hy- 
con Electronic Test Equipment Div. 

Dr. H. William Welch, Jr., Mili- 
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Atcotrol Transistor Timers ex- 
cel for short interval highly 
repetitive timing cycles. Con- 
servatively rated at 3 million 
operations. Six timing ranges 
1.5 seconds to 150 seconds. 
Rated 15 amps @ 115 VAC, 10 


amps @ 230 VAC, 4 amps @ 
Dr. H. W. Welch, Jr., Kenyon Swarthout, and 115 VDC. Series 308 
Dr. D. E. Noble inspect a piece of Motorola 
automatic checkout gear that will form a spring- 
board for the firm’s jump into control systems. 





tary Div. R & D head and general 
manager of the Solid State Electronics 
Dept., has been picked to head the 
controls unit. Dr. Welch has sched- 
uled product planning and develop- 
ment as major activities for the com- 
ing year; then production of a com- 
prehensive line of industrial control 
and instrumentation equipment will 
begin as Motorola bids for a major 
share of the market. 

Motorola plans the department as 
the somewhat polygamous marriage of 


“ ” H ™ 
several skills already demonstrated Atcetro! “Due-Set" Timers con 


within the company and without. The 163 ae Cog attr? Fe 
Swartwouts are expected to supply the Od CS Sy Sey Senne 


process control experience. Dr. A. L. Set desired delay between de- 
Alden, manager of operations for the energizing of forward and ener- 
Solid State Electronics Dept., will izing of reverse. End interrupt- 
help apply the company’s know-how ing timer motor, straining of 
in electronic ceramics research, solid mechanism. Series 306 
state integrated circuitry, and ferrite 
and thin film magnetic logic and 
digital circuitry. Mackley’s Ohmac Co. 
had developed a data link power ex 
change computer billing system which 
was well received by power, gas, and ir- 
rigation industries in the southwest. 

The systems touch will be lent by 
Leslie Norde, formerly chief engineer 
in the Military Electronics Div.’s Data 
Systems Lab. He'll be expected to pointer rebound. Series 310 
draw on Motorola’s experience in in- 
dustrial supervisory control equipment 
(a product of the Communications 
Div.) and in transistorized automatic 
test equipment. 





tS 


IF IT’S A TIMING PROBLEM, =| Send for your free Condensed 
, : SEE ATC. Wide product selec: "| ee ee 
Starling Corp. is New Firm tion includes cam timers, auto- 

In Medical Instrumentation matic reset timers, revolution | 

counters, electronic timers, im- 

pulse counters, transistor tim- 





Newly created in W. Los Angeles 
is the Starling Corp. which will pro- 


- “: . ; ers, many others. 
duce a line of precision medical in- Special timers and counters de- 
struments. President of the new firm 


® 
igned t i ts. 
is Louis Fields, who is chief engineer ee eee A U T O M AT | C Tl M | N G 
of Pacific Technical Co., the tesearch & e O N T nq Oo L y : | N os : 


companion company to Starling, and 
also consultant in medical instrumen- | KING OF PRUSSIA, PENNSYLVANIA 


tation at UCLA A Subsidiary of American Manufacturing Company, Inc. 
Primary product.of the company | ATC, Div. of Interprovincial Safety Industries, Ltd., 5485 Notre Dame St., West, Montreal 30, Quebec 
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| Waterbury, Conn., has acquired Han- 


| N.Y. The new business will be oper- 





WHAT'S NEW 


will be the Fox Glove system, which 
is an application of a digital computer | 
designed to display items like blood | 
pressure, temperature, and respiration 
of a patient undergoing surgery or un- | 
der observation. 


News of Other Companies 
In the Control Field 


Tyco, Inc. is a new firm formed in | 
Rochester, N. Y., by Dr. Arthur W. 
Taylor, former assistant director of re- 
search of Eastman Kodak Co. and a 
founder of Itek Corp. Tyco will sup- | 
ply capital, management and facilities | 
in the solid state devices, energy con- | 
version, and data processing fields. 


Westinghouse Electric Corp. is es- 
tablishing an Astroelectronics Labora- 
tory in the Comejo Valley near Los 
Angeles. The facility is to work with 
the military and defense contractors 
on the west coast in the development 
of advanced electronic equipment. 


Itek Corp., of Waltham, Mass., and | 
Hermes Electronics Co. of Cambridge, 
Mass., have obtained stockholder ap- 
proval for the merger of the compa- 
nies on the basis of four shares of 
Hermes common for one share of Itek. | 
No word was issued at the time by | 
Itek president, Richard Leghorn, on | 
a reported merger of the new organiza- | 
tion with Chicago Aerial Industries. | 


The Bristol Co., a subsidiary of | 
American Chain & Cable Co., Inc. in | 


son-Gorrill-Brian, Inc. of Glen Cove, 
ated through a subsidiary that has 


been set up under the name of The 
Data-Master Corp. 


IMPORTANT MOVES 
BY KEY PEOPLE 





Gisel Heads New Slate 
In Bell Aerosystems Setup 


New president of Bell Acrosystems | 


| Co., formerly Bell Aircraft’s Niagara | 


Frontier Div., is William G. Gisel. | 
The company is a division of Bell | 
Aerospace Corp., Buffalo, N. Y., now | 
a wholly owned subsidiary of Textron, 
Inc. Gisel was vice-president of Bell 


| Aircraft and general manager of the 


Niagara Frontier Div. before it was 
sold to Textron. 

Promoted to _ vice-president of 
avionics was John H. van Lonkhuy- | 
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Where lives or reputations are at stake, 


depend on the mercury-to-mercury con- 
tacts of Adlake. The Adams & Westlake 
Company, Dept. K-3409, Elkhart, Indiana. 


C 


ADLAKE MERCURY DISPLACEMENT RELAYS 


d 
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zen, and William M. Smith was 
named vice-president, engineering. 

Two presidents of other subsidiary 
companies of Bell Aerospace were also 


named. Bell Helicopter, Ft. Worth, | 
Tex., will be headed by Edwin J. | 
Ducayet, succeeding Harvey Gaylord | 


who is now president of Bell Aero- 
space. 
president of Hydraulic Research and 


\lanufacturing Co. in Burbank, Calif., | 
which makes servovalves and controls. | 


Dr. Du Mont to Manage 
Labs Under Fairchild 


Following 
(CtE, May "60, p. 194) by Fairchild 
Camera and Instrument Corp., Syos- 
set, N. Y., the Allen B. Du Mont 


Laboratories Divs., it was announced | 


last month, will be managed by Dr. 
Du Mont. 

- As group general manager Dr. Du 
Mont will have the over-all responsi- 
bility for the Electronics Tubes Div. 
and the Industrial Electronics Div. in 
Clifton, N. J. Du Mont’s military 
operations have been integrated with 
Fairchild’s Defense Products Div. 


Royal Little Moves To 
Expand Textron Electronics 


The 64-vear-old chairman of Tex- 
tron, Inc., Royal Little, who has in 
seven years boosted the company’s 
sales from $100 million to $308 mil- 
lion primarily by acquisitions, has now 
resigned as Textron chairman and has 
been elected president of the subsid- 
iary Textron Electronics, Inc. 

Little says he will apply the same 
acquisition technique to try to raise 
the electronics firm’s annual sales from 
the current $30 million to $100 mil- 
lion in the space of three years. Tex- 
tron Electronics, onlv one vear old, 
has already accumulated seven com- 
panies. Earnings last year were $383,- 
232 on $9.8 million sales. Textron 
holds 78 percent of the affiliate’s stock, 
and Little is said to have 57,855 shares 
of Textron Electronics common. 


Other Important Moves 


Robert L. Pappas is now vice-presi- 
dent of Ampex Corp. in Redwood 
City, Calif. Pappas is manager of the 
Ampex Military Products Co., has 
been with Ampex since 1955, coming 
from the Schaible Co. 


Dr. Van W. Bearinger has been 
named to fill the director of research 
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Carroll M. Martenson will be | 


the recent acquisition | 


, D-C AMPLIFIER EVALUATION _number 4 in a series 


AMPLIFIER GAIN 


he voltage amplification or gain 
of a d-c amplifier is the dimen- 
sionless ratio of the output voltage 
to the input voltage, assuming op- 
eration in the linear portion of the 
amplification characteristic, and at 
a specified frequency, usually 0 cps. 
The curve of amplifier gain vs. fre- 
quency of the input signal is termed 
“frequency response”. 

The gain factor is of little value 
to the user unless the minimum full 
scale input or the maximum linear 
full scale output is known. As part 
of a system, the desired amplifier 
output level is determined by the 
load characteristics. Typical ampli- 


fier loads are shown in Fig. 1. 
FGI FREQUENCY RANGE REQUIRED 


: 


If the output requirement is 
known, the gain needed to amplify 
the input to give full scale output 
can be determined. However, power 
requirements must also be consid- 
ered. If the load resistance is suffi- 
ciently low the maximum output 
current is reached before maximum 
voltage output, and the amplifier 
will saturate with further increases 
in input signal. The value of the 
voltage across the load with max- 
imum rated current is then used to 
determine gain. 

Gain Stability vs. 
Gain Accuracy 


The errors in gain caused by exter- 
nal factors such as ambient tempera- 
ture, line voltage, and component 
aging are termed gain instability. 
Gain accuracy is the allowable toler- 
ance between gain settings and ac- 
tual gain. Gain instability may be 
measured and recorded with a null 




















way ----d 


Artemvetor + Gein of Ametifer 
comparator circuit as shown in Fig. 
2. The gain accuracy may be deter- 
mined by substituting in this circuit 
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a precision attenuator. For informa- 
tion on gain stability measurement 
write for application notes BEAN 
122. 


AccuDatea lil 
has Gain of 34,000 


Full scale output of the new 
Honeywell AccuData III d-c ampli- 
fier is 10 volts, 25 milliamps up to 
20 kc. Minimum full scale input is 
0.3 mv single-ended, a voltage gain 
of 34,000. Its gain instability is 
+ 0.01% for a + 10° F. tempera- 
ture range. Gain setting accuracy 
with the fine gain control in the 
CCW position is + 0.2% for dif- 
ferential or single-ended connected 
gains up to 1000, and + 0.5% for 


gains in the 3000 to 34,000 range. 
Eleven different gain positions in- 
cluding zero and an open loop 
position for operational amplifier 
connections are provided. Other fea- 
tures of this amplifier include high 
common-mode rejection, very low 
noise and drift, and unparalleled 
linearity. Write for Bulletin BS 
DISA-3 to Minneapolis-Honeywell, 
Boston Division, Dept. 34, 40 Life 
St., Boston 35, Massachusetts. 


Honeywell 
1 li padi es 
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King MANOMETERS 
FOR PLANT AND LAB 


give UNFAILING ACCURACY at MINIMUM COST 
in measuring PRESSURE, VACUUM and FLOW 


King Manometers are used throughout industry for measuring 
pressure, vacuum, differential press. re, and pressure-related phe- 
nomena. They operate as a liquid-filled U-tube (the basic reference 
standard for pressure measurement) - - have no mechanical moving 
parts. Their readings ee solely on the force of gravity, the 
specific gravity of the indicating liquid, and the pressures 
applied. Thus, they are unfailingly accurate - - and they 
permit exact duplication of operating conditions. 

In addition, King Manometers are inexpensive, easy to 
install, cost nothing to operate, and require practically no 
maintenance. 


TYPES and SIZES for EVERY SERVICE: 











U-Type Manometers 


Single cleanout (shown at right) ; double cleanout; 
with 3-valve manifold; inverted. 


Well-Type Manometers 


Low-well (shown at left); raised-well; adjustable- 
well; barometric; instrument test (8-scale); flow- 
meter. 





Multi-Tube Manometers 


With individual wells in fixed position; with com- 
mon wells, fixed or adjustable; Photo-Manometers. 


Inclined-Tube Manometers 


General-utility (shown below); 
high-precision; draft gauges. 


FEATURES Include— 


@ Wide choice of range (6” thru 130”), 
scales, liquids, mountings and materials. @ 
Sturdy construction. @ Easy cleanout. @ Full 
line of accessories. 
































MANOMETER CATALOG 2008 explains basic 
principles; simplifies manometer selection; 
shows complete line of manometers, acces- 
sories and indicating liquids. Write for it. 


| Ta ) 
Wil’ KING ENGINEERING CORPORATION 


3203 S. State St. Ann Arbor, Michigan 
DISTRIBUTORS IN 26 PRINCIPAL INDUSTRIAL CENTERS 
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post left vacant at Minneapolis-Honey- 
well Regulator Co. last year when Dr. 
Finn J. Larson became corporate vice- 
president in charge of research. New 
assistant directors of the Research 
Center are Dr. John N. Dempsey and 
Edward E. Rexer. 


William S. Aiken has been pro- 
moted to director of engineering at 
‘Thompson-Ramo-W ooldridge _ Prod- 
ucts Co., Beverly Hills, Calif., from 
a position as manager of Project En- 
gineering. Before joining TRWP in 
1957 he was with Sperry Gyroscope. 


Dr. Isidor I. Rabi, Nobel prize- 
winning physicist, has accepted a posi- 
tion as technical consultant to Loral 
Electronics Corp., New York. 


Richard E. Horner has become 
senior vice-president in charge of tech- 
nological matters at Northrop Corp. 
Horner recently resigned as associate 
administrator of NASA in order to 
accept the position with the Beverly 


Hills, Calif., firm. 


Lawrence E. Maley is the new sales 
manager of Waters Associates, an 
analytical instrumentation manufac- 
turer in Framingham, Mass. 


Dr. Nicholas E. Golovin has been 
elected vice-president and general 
manager of the Rabinow Engineering 
Co., Inc., Takoma Park, Md. He 
assumed the post last month after 
serving as deputy associate administra- 


tor of NASA. 


Dr. Peter Elias, 36, as been named 
by Massachusetts Institute of Tech- 
nology as its new Dept. of Electrical 
Engineering head. Dr. Jerome B 
Wiesner, who has been acting head of 
the E.E. Dept., will continue as direc 
tor of MIT’s Research Laboratory of 
Electronics and work with the Center 
for Communication Sciences. 


Edward H. Heinemann has resigned 
his post as corporate vice-president of 
Douglas Aircraft Co. in charge of 
combat aircraft engineering, aircraft, 
and missiles to become executive vice- 
president of Summers Gyroscope Co. 
in Santa Monica, Calif. 


Dr. James W. Moyer has been an- 
nounced as the research director of 
the Sperrv Rand Research Center to 
be built this year in Sudbury, Mass. 
Dr. Moyer has for the past 12 years 
been with GE in long range technical 
planning and research posts. 
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ABSTRACTS 


Aids conversion 


From “Calculator Obtaiming Fre- 

quency Response From Transient 

Response”, by Seizo Fujii. Journal 

of the Society of Instrument Tech- 

nology, Japan, Vol. 10, No. 4, pp. 

217-222. In Japanese. 

When designing automatic control 
systems it is more advantageous to 
know the frequency response rather 
than the transient response character- 
istics of the controlled process. How- 
ever, in the frequency response testing 
of processes having large time con- 
stants it is rather difficult to obtain 
useful information free from the influ- 
ence of external disturbances which 
will more than likely arise during the 
lengthy testing time. On the other 
hand, transient response tests can be 
accomplished more quickly, but con- 
version of the resulting responses to 
the equivalent frequency response 
without some computing aid ordinarily 
takes considerable calculating effort. 

For this reason a simple calculator 
for obtaining frequency response from 
transient tests was manufactured for 
trial. The article describes its prin- 
ciples and construction and gives cal- 
culation example. The accuracy is 
within plus or minus 3 percent in 
gain and within plus or minus 3 deg 
in phase angle for frequencies less 
than those which give a phase angle 
larger than minus 80 deg, in the case 
of the typical example of a single order 
lag process. Computing time for a 
particular point is about 3.5 min. 


Russian readers 


From “On Principles of Reading 
Machine Construction”, by A. A. 
Kharkevich. Radiotekhnika, Vol. 
15, No. 2, 1960, pp. 3-9. In Rus- 


sian. 


The paper discusses some general 
problems of constructing reading ma- 
chines. The definition of a reading 
machine is given as a machine which 
automatically recognizes letters, digits, 
and other signs of a printed or written 
text. Any reading machine has to 
perform the following basic operations: 
presentation and examination, prepara- 
tion of description, and comparison of 
the description with a standard, proper 
recognition operation. 

The examination consists of the ac- 
tion of the presented pattern on a 
transducer, normally of the photoelec- 
tric type, whereby a electrical signal is 
produced. The description is the most 
important operation. It consists of 
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HOLTZER-CABOT 


offers these 
CUSTOM FEATURES 
ina new stock motor 
































High torque-to-inertia ratio 

Torque to meet your needs 

Several output speeds to choose from 

Control winding impedance of 5400 ohms locked rotor 
New motor end cap design for easier mounting, 

better heat dissipation 


The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor. 


HOLTZER-CABOT MOTOR DIVISION - NATIONAL PNEUMATIC CO., INC. 


Sales-Service Representatives in Principal Cities throughout the World 





turers of electric and electronic 
tic, hydroulic, equipment and systems 





HOLTZER-CABOT MOTOR DIVISION, Department CE 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass. 


Please send: [] Complete details of Model RBC-2407 Servo Motors 
Information on other H-C Instrumentation Motors 


NAME TITLE 





COMPANY. 





ADDRESS. 
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SPECIFICATIONS* 


(mn) 
(ibs) 
(%) 
(ps) 
(oz) 6 


“Rotary output, dry-coil and 
high temperature models 
available. 


Write on company letterhead for free 
booklet on Torque Motor Applications to: 


AMERICAN MEASUREMENT & 
CONTROL, INC. twinbrook 4-6212 
- 240 Calvary St.. Waltham 54, Mass. 


neous Or a 


ABSTRACTS | 


forming a signal describing the pattern 
in a manner most convenient for 
recognition purposes. Two kinds of 
descriptions are considered: absolute 
description, permitting restoration of 
the described object with certain 
accuracy, and relative description, 
containing only the features by which 
a certain object differs from other 
objects of the same set. The problem 
of minimizing absolute and relative 
descriptions is not only still unsolved, 
but has not even been sufficiently 
clearly formulated. 

Recognition may be by a simulta- 
stepped-up operation. 
When the patterns to be recognized 
are characterized by n features of 
which any may be either present or 
absent, then the description of a pat- 
tern is an n-digit binary number. In 
the case of simultaneous recognition, 
n-digit numbers are compared. In 
the case of stepped-up recognition, 
each digit of the binary number is 
compared step by step, thus operating 
with one-digit numbers. This leads to 
machine simplification. The stepped- 
up method permits descriptions of 
varying length. However, simultaneous 
description is more noise-proof. 


A to D program compiler 


From “Changing from Analog to 
Digital Programming by Digital 
Techniques”, by M. L. Stein, Univ. 
of Minnesota, and ]. Rose, Convair- 
Astronautics. Journal of the Associ- 
ation of Computing Machinery, 
January 1960, pp. 10-23. 


A quick and economical way of 
writing digital computer programs for 
the solution of problems already set 
up for analog computation would be 
welcomed by analog computer users. 
They could then use a digital com- 
puter to check analog solutions or to 
obtain greater accuracy for selected 
analog runs. The method which the 
authors advocate for accomplishing 
the shift from analog to digital pro- 
gramming consists of having the 
digital computer itself analyze a de- 


scription of the analog setup diagram | 
to deduce the differential equations 
being solved and compile a complete | 


program including input and output 
for the integration of these equations. 

While the entire presentation is 
general in nature in that no special 
properties of any particular computing 
machine are utilized, a computer sys- 
tem based on these ideas is now in 
operation at Convair-Astronautics. 
lhis system accepts as input the 
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50, sec. to 90 sec. 


WAVEFORM 


Square, Triangular, Sine 
0.01 cps to 2000 cps 


GENERATOR 


Through unique design, the Parabam 
Model P-1 Pulse-Waveform Genera- 
tor provides virtually transient free 
square, triangular and sine waves 
plus variable length pulses. Has suff- 
cient output to drive power tran- 
sistors and relays, electrohydraulic 
valves and other units directly from 
the output terminals. Applications... 
test and development of servomecha- 
nisms, computers, input-output 
devices and geophysical equipment. 


MODEL P-1 
SPECIFICATIONS 
Waveforms: Sinusoidal, square and 

triangular. 


Frequency: continuously variable in 10 
ranges ... 0.01 cps to 2000 cps. 


Frequency stable within 1%. 


Pulse length continuously variable from 
50u sec to 90 seconds. 


Pulse amplitude...0 to 60 volts, 200 
milliamps max. current. 


Rise/Fall time approx. 2u sec. 
Cabinet or rack mounted. 


WRITE TODAY — 


for Technical Bulletin No. 660-6 on 
the P-1 Pulse-Waveform Generator. 


PARABAM, INC. 
13000 YUKON AVENUE 
HAWTHORNE + CALIFORNIA 
SE 
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Now 2 to3 NOW. ..GENERATE VOLTAGE 


week delivery 
On popular 
BUOE 


| 


DIRECTLY FROM A GRAPH 


lyon graph paper ada function of time (x). Accuracy is— 
0.5% | and full-seate response is less _ than 10 
/microseconds. 


and in production : subpdrtida dria aha potentiomere 
quantities! externally applied potentiometer \ 


Mark 7 Mod 0 Size 15 Servo Motor 2 

Mark 7 Mod 1 Size 15 Servo Motor i j 

Mark 12 Mod 0 Size 15 Motor Generator output voltage 'S proportional to the ordi 

Mark 12 Mod 1 Size 15 Motor Generator ef the-drawn curve.Synchroneusty-motor 

Mark 16 Mod 1 Size 18 Motor Generator | ey je : 

Merk 16 Mod 3 Size $8 Meter Generator selected speeds, an.infinite variety of progra 
(For transistor circuits) 


The addition of our second factory driven, thus making (X) a function of jan-ind 
means delivery in six to twelve weeks : ’ 
on many other G-M Servo Motors variable. 
and Motor Generators as well; sizes 


8 to 18, including other BuOrd items. : Programmer is unequalled in flexibility and 
*Now Bureau of Naval Weapons convenience for missile flight simulation, 
ows structural testing, linear programming of 

Ask also for non-linear function, and automatic control of 
full intormation; industrial operations and processes. 
G-M Recommended : 5s 
Specification No. 665 Write for literature. 
and Catalog. 


A REMENT TROL, INC. 
GM Servo Motors Didibwanrnam-es, seacsacnuscrre 
G-M LABORATORIES INC c Subsidiary of CompuDyne Corporation 


4360 N. Knox Avenve « Chicago 41! AND 
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MINIATURIZATION 
pLuS LOWER COST 


Thin Versatile 
Co-Netic and 
Netic Magnetic 
Shielding Foils 


Cuts readily to any shape with 
ordinary scissors. 


ELECTROMAGNETIC 
ACTUATORS 


{FLAT ARMATURE TORQUE MOTORS) 


Wraps easily. 


ed 


inserts readily to cantan 
existing non-shielding 
enclosures. 


Permit positioning foil-wrapped components A & B closely 
minimizing interaction due to magnetic fields making 


possible compact and less costly systems 


How thin Co-Netic and Netic foils lower your mag- 
netic shielding costs: 

1) Weight reduction. Less shielding material is used 
because foils (a) are only .004” thick and (b) cut and 
contour easily. 

2) Odd shaped and hard-to-get-at components are 
readily shielded, saving valuable time, minimizing 
tooling costs. 

These foils are non-shock sensitive, non-retentive, re- 
quire no periodic annealing. When grounded, they 
effectively shield electrostatic and magnetic fields over 
a wide range of intensities. Both foils available from 
stock in any desired length in various widths. 


Shielding cables reduces 
magnetic radiation or 
pickup. 


° ELECTRO HYDRAULIC 
. O PNEUMATIC 
© ELECTRO MECHANICAL 
° HoT GAS SERVO 


ey STEMS 


Co-Netic and Netic foils are successfully solving many 
types of electronic circuitry magnetic shielding prob- 
lems for commercial, military and laboratory appli- 
cations. These foils can be your short cut in solving 
magnetic problems. 


Wrapping tubes prevents 
outside magnetic 
interference. 


fature (1200°F) and dry 
t fotors are also available 
) specific applications. 
ed” Construction, found only 
p Ser votronics’ Torque Motors, 
<~ reliability, low 
i = h performance. 


When accidentally exposed to unpredictable magnetic fields, presto! — your valuable 
data is combined with confusing signals or even erased. 


For complete, distortion-free protection of valuable magnetic tapes 
during transportation or storage. Single or multiple reel Rigid 
Netic Enclosures available in many convenient sizes and shapes. 


PERFORMANCE CHARACTERISTICS, 
SERIES 20 FLAT ARMATURE TORQUE MOTORS. 


MODEL 20-1 20-4 | 


: ' : , 20-2 | 20-3 | 20-4 | 
: Stroke (in.) +.006; +.007} +.008| +.015 
: Output o aa = 18 
Radius (in.) -650 -593 750 906 
; Midposition ‘1 
/ Force (ib.) 2.5 5.0 8.0 13.0 | 
Hysteresis 
(%) 2 2 2 2 


Resonant 
Frequency 
Thin pliable foil wraps easily (CPS) 
around ape, 

ing original recorded fidelity. 


























940 |790 |580 |400 | 
Max. Power 
Req'd 

(Watts) 


Weight (oz.) 








31 | 52 | 


9.0 1 19.5] 


1.6 
2.8 


2.65 
5.8 




















C i if id Netic 

4” and up 
a thickness) 
Shielded Rooms 
and Enclosures 
for safe, distor- 
tion-free —stor- 
age of large 
quantities of re- 
corded magnetic 
tapes. 


Write for 
further details 
today. 
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Composite pho- 
to demonstrat- 
ing that mag- 
netic shielding 
qualities of 
Rigid Netic Alloy 
Material are not 
Significantly af- 


fected by vibration 


annealing. 


FECTIVE NET 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 
1322 No. Elston Avenue, 2 NB 8 22, Illinois 
F PERMANED EF 


NE 
\ 


shock (including dropping or 
bumping) etc. Netic is non-retentive, requires no periodic 


also manufacturers of the 
““APEX"’ METALLIC SEAL 
(—320° F. to +2200° F.) 
For all AN Cavities or for Special 
Applications — 
ee 


ervotronics, inc. 


190 GRUNER RD./ BUFFALO 25, N.Y./KEystone 6105 





i Coast Representative 
INDUSTRIAL MEASUREMENT SALES, INC. | 
MAGNE aah 445. Garey Ave., Pomona, Calif. NAtiona! 3-1588. 
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ABSTRACTS 


description of a diagram prepared for 
an Electronic Associates PACE, analog 
computer and produces a program for 
an IBM 704. It recognizes 18 types 
of elements and accounts for scale fac- 
tors and sign reversals. Consequently, 
most PACE diagrams can be processed 
with little or no change. 


Learning machines 


From “‘Self-Instructional Devices: A 
Review of Current Concepts”, by 
W. J. Carr, Bucknell University 
for Wright Air Development Cen- 
ter, U. S. Air Force, Aug. 1959. 
Now available from Office of Tech- 
nical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C. as 
PB 161339, 29 pp., 75 cents. 


This report contains a selective re- 
view of literature on self-instructional 
devices. Emphasis is placed on studies 
which provide for a functional analysis 
of these devices. The three major 
classes of variables which influence 
learning by self-instructional devices 
were found to be characteristics of the 
device, the program, and the learner. 
Major attention was devoted to an 
analysis of the process of program- 
ming. Variables influencing the effec- 
tiveness of programs are discussed. 
Also described is a working modcl 
based on conditioning processes. 


Adaptive systems 


From 
Adaptive Control”, by C. W. Sar- 
ture and ]. A. Aseltine, Space Tech- 
nology Labs. Paper presented at the 


“Performance Criteria in 


IRE 7th Region 
Seattle, Wash., May 


Adaptive systems have been defined 
as being characterized by: (1) a means 
for performance measurement, (2) 
translation of this measurement into 
a quantitative figure of merit, (3) 
closed-loop adjustment of the system 
parameters by means of the figure of 
merit. Since Item 2 will be realized 
through some performance criterion, 
the latter can be viewed as an essen- 
tial element of adaptive control. This 
paper reviews a number of adaptive 
systems from the point of view of 
the performance criterion used. In- 
cluded in the adaptive systems con- 
sidered are those using the following 
performance criteria: (1) operation at 
an extremum, (2) ITAE, (3) impulse 
response area ratio, (4) step response 
meeting specified requirements, (5) 
maximum loop gain with model, (6) 
mean squared error with model. 


Conference. 
1960. 
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MD simplicity means savings for you 


Here’s a line of d-c power supplies you can literally mount in your relay rack and 
forget . . . the ultimate in simplicity and reliability. It's Sorensen’s MD series 
featuring rugged magnetic regulation, heavy-duty silicon rectifiers, conserva- 
tive continuous-duty ratings for all components. Output voltage holds to +1% 
for input variations from 100 to 130 vac. 132 stock models from 3 to 1000 vdc 
output, 50 to 3000 watts (see table for just a few typical ratings). Several units 
may be used with paralleled outputs for increased capacity up to 9000 watts. 
Current limiting characteristics particularly suit MD's for battery charging and 
filament powering . . . can’t be damaged by output shorts. 

Write for complete MD data... Or, better, send for the new Sorensen catalog, 
listing over 400 power equipment models, plus the name of your Sorensen 


representative. Sorensen & Company, Richards Ave., South Norwalk, Conn. 





POPULAR MODELS AND PRICES 


(Numbers preceding dash in model designation indicate output voltage; those following dash 
indicate maximum current.) 


Model 
50 watt 
MD 6.3—8.0 
MD 12—4.2 
MD 28—1.8 
MD 48—1.1 


Price 


$159 
145 
137 
131 


Model 
200 watt 
MD 6.3—31.8 
MD 12—16.7 
MD 28—7.2 
MD 48—4.2 


Price 


$257 
215 
184 
179 


Model 
750 watt 
MD 6.3—120 
MD 12—62.5 
MD 28—26.8 
MD 48—15.7 


Price 


$523 
423 
336 
315 





100 watt 
MD 6.3—15.9 
MD 12—8.4 
MD 28—3.6 
MD 48—2.1 





400 watt 
MD 6.3—63.5 
MD 12—33.3 
MD 28—14.3 
MD 48—8.4 





1500 watt 
MD 6.3—239 
MD 12—125 
MD 28—53.6 
MD 48—31.3 





CONTROLLED 


A SUBSIDIARY OF RAYTHEON COMPANY 


POWER 


PRODUCTS 


«+. THE WIDEST LINE MEANS THE WISEST CHOICE 
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50 HOURS OR 


CONTROL 
SYSTEM 
DESIGN? 


Leading aircraft and electronics 
firms report these startling 
time comparisons for design- 

’ ing and optimizing 
sophisticated 10 + 

pole-zero guidance 

systems. Comparisons were 
made using Root-Locus* — 
ESIAC versus other computers. 
Figures from customer files. 
Details on request. 


*#One of many ESIAC design applications, 





Graphical 


‘ More than one week required to obtain solution. 50 hours 
Techniques 





Digital Computer Extensive revision of existing root-locus program 30 h 
Techniques was necessary. ours 





ESIAC Approximately one hour of instruction by design engineer. 
Root-Locus Assistant operated ESIAC thereafter. 


5 hours 

















An entirely new concept in analog-type computer. Solves intricate system design problems in minutes 
instead of hours, hours instead of days. Write for descriptive engineering bulletins, ESIAC solutions 
to system design problems or an ESIAC demonstration in your plant. 


® 
SEE IT IN ACTION 


1960 ISA and 
NEC SHOWS 


Electro Scientific industries 
7524 S.W.MACADAM * PORTLAND I9, OREGON 
CHerry 6-3331 


formerly/ ELECTRO-MEASUREMENTS, INC. 
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Heart of the 


Control System 


ial 
7 


‘DIAMOND 3B’ 
Relays 


“Diamond H”’ relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying “Diamond H”’ relays in 
the heart of their control 
systems. 

Hart makes these basic types 
of relays: 


® Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 
High-speed sensitive polar- 
ized relays (Series P). 
General purpose AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of char- 
acteristics available in each 
type relay is yours for the 
asking. You’ll find ‘““‘Diamond 
H” engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 


“HART 


MANUFACTURING COMPANY 
165 Bartho’omew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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More cycles! 
No stretch! 
Less punch wear! 


New “Peerless” Fibre control tape 
wears 30 times longer than paper; 
costs 1/6th that of polyester film! 


Need a tough tape that will take 
machine shop handling? A durable 
tape for repeat operations? Check 
the savings in new “Peerless” con- 
trol tape. It’s made of National 
Vulcanized Fibre, a cellulose plas- 
tic—the only tape of its kind! 

Compare “Peerless” tape’s long, 
cost-cutting cycle life: 

Speed | Paper Tape | “Peerless” 


{coves per minute) (cveves) levees) 
1200 | 100 to 115 | 3,000 & over 


620 1200 to 1900 | 30,000 & over 
And check “Peerless” tape’s amazing 
properties! It’s extra tough, flexible, 
with high tensile and bending 
strength. It has high opacity, excel- 
lent abrasion resistance and is easily 
punched. Thicknesses: .0043” and 
-005”—heavier thicknesses available. 

“Peerless” does not stretch in use. 
Precision-punched holes remain true. 
In addition, “Peerless” is plastic- 
smooth and impurity-free; friction 
and wear on punching and feeding 
equipment are cut to the minimum. 

“Peerless” tape is available in any 
width. It is already proving its su- 
perior economies in tape life and 
cost on major automatic program- 
ming equipment in industry, govern- 
ment and business. Colors: Red, 
Gray, Blue, Black. Investigate now. 
Write for Free test sample and com- 
plete information. Dept. PP-8. 





NATIONAL 





| system. 
| many topics not usually discussed in 


| optimum response criteria, nonlineari- 


| tions describing the dynamics of sev- 
_ eral different physical systems. The 
| following two chapters deal with the 
| solution of these linear differential 


| vew Booxs 


New approach 


Controt SysteEM ANALYSIS AND 
Syntuesis. John J. D’Azzo and 
C. H. Houpis. 580 pp. Published 
by McGraw-Hill Book Co., Inc., 
New York, N. Y. $13.50. 


This reviewer's initial reaction when 
asked to comment on Control System 
Analysis and Synthesis was: “Why an- 


| other text on control system design?” 


It seemed that all the fundamentals 
had been covered adequately by exist- 
ing books and no real purpose could 
be served by the publication of still 
another. However, a closer examina- 
tion of both its organization and its 
content indicated that this book is a 


worthwhile addition to the list of text- 


books on feedback control systems. 
From the standpoint of organiza- 

tion this book is unique because it 

presents the root-locus method of an- 


| alysis before the frequency plots. The 


authors believe that this shift in em- 
phasis enables their readers to obtain | 
more quickly an understanding and 
“feel” for control system perform- 
ance. The authors are to be com- 
mended for teaching students to think 
initially in terms of the entire complex 
plane, restricting them to the jw axis 
only after familiarization with the 
concept of poles and zeros. 

From the standpoint of content, 
this book is also unique. First, the 
authors spend considerable time in | 
developing the differential equations | 





| of various dynamic systems. Electric 
| circuits, mechanical systems, hydraulic 


systems, and even thermal systems are 
analyzed and their significant param- | 
eters discussed. Second, the book de- | 
votes a surprisingly generous amount | 
of space to the design of compensa- 


| tion networks. Numerous examples are 


worked out in detail and clearly show 
the effects of various types of com- 
pensators on a given feedback control 
Third, the book contains 


an elementary text: ac carrier systems, 


ties, and analog computers. 

A brief introductory chapter is fol- 
lowed by one on how to describe “the 
physical laws of nature’; in that chap- 
ter are derived the differential equa- 
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This stem-sensitive 
Resistance Temperature 
Detector can be operated in 
live steam and other high 
temperature atmospheres up 
to 1500°F. Widely used in 
the chemical and petroleum 
industries, the stainless steel 
242P RTD provides readings 
to 0.01°F. For complete 
information, write for 
Reference Data Sheet 
1045A-5, 


SPECIFICATIONS: 


Temperature Resistance 
Characteristic: No. 8 
Time Constant in Agitated 

Water: 10 sec. approx. 
Maximum Current in Air: 
0.010 amps; 
in Water: 0.020 amps 
Maximum Hydrostatic Pres- 
sure; 300 psi at 1380°F. 





THOMAS A. 


VULCANIZED FIBRE CO. 
WILMINGTON 99, DELAWARE 
In Canada: 
WATIONAL FIBRE COMPANY OF CANADA, LTD., Terente 3, Ontarie 


EDISON INDUSTRIES 


INSTRUMENT DIVISION 
Wes? Orange, New Jersey 


| equations by classical methods and 
by Laplace transforms. An excellent 
appendix on methods of factoring 
polynomials supplements these chap- | 
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REPORTER 


BY STANLEY M. INGERSOLL, Capabilities Engineer 


Report No. 11 
ALC 603 Angle of Attack Computation and 
Display System 


This system embodies engineering experience in angle of attack 
computational equipment that dates back to 1949. SM/I’s Relative 
Wind Transducers became the first in the industry to satisfy mili- 
tary specifications. Elements of the system are pictured below; a 
vertical scale or clock-type indicator may be used for visual dis- 
play. The design of the computer permits numerous variations with 
minimum modification. In all versions, this sub-system utilizes our 
Force Balance Mach Number Sensor, noted for its sensitivity and 
accuracy. As many as four data output servos each employing an 
SM/I transistorized amplifier can be provided in the unit without 
altering its exterior configuration. The gear train will operate vari- 
ous combinations of pots, synchros and other output devices. Nor- 
mally, two SM/I relative wind transducers are used. One measures 
indicated angle of attack; the other measures angle of side-slip. 
After Mach number and side-slip corrections are made in the com- 
pensator assembly, the output function is the True Angle of Attack. 


General Specifications 


Operating range: 
Angle of Attack 
Angie of Yaw 50 
Airspeed 200 knots to 600 knots 
Altitude —1000 ft. to 60,000 ft. 
Accuracy: +%° 
Electrical Power Requirements: 115V, 400 cycle @ 2.5 amps 
(including vane heaters) 
Computer Size: 894” x 51/2”; weight, 7 Ibs. (including shock mount) 











O 











re 





a 
RELATIVE WIND | 
TRANSMITTERS | 








EQUATION MECHANIZED y= 4, [non]; [tem] 





For more information and complete operating specifications, write or 
wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 


SERVOMECHANISMS/INC. 


Los Angeles Division 
12500 Aviation Boulevard 
Hawthorne, California 
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VIBRAMITE 


vibration pickup 


Special 

eddy current 
damping gives 
flat response 


The MB Vibramite is the only 
damped vibration pickup available 
with a flat response curve over its 
entire operating range. 

Other highly desirable features 
include extremely small size, light 
weight and omnidirectional use. 





Check these specifications: 

Frequency range 20-2000 cps 

Sensitivity 96.3 mv/in/sec. (Calibrated 
+1% at 100 cps into 2 
megohm load at 80°F) 

Size 1” x 1.42” 

Weight 2.75 oz 

Natural frequency 15 cps 

Damping Eddy current 
(nominal .65 of critical) 


Acceleration 50 g maximum 
output limit (minimum limited only by 
recording equipment) 


Max. shock without 
damage 1000 g 











Complete technical details in 
Bulletin 112A. Write... 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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IS 
U.S. CONTROLS 
UNFAIR 


Weare under siege for being unfair to 
unorganized management simply be- 
cause we are an organized, efficient, 
dependable instrumentation company 
ranging the Control field from GROC- 
ERIES to GUIDED MISSILES. 
Whether your requirements run from 
the automatic bulk mixing of cereals 
to the fast dependable sequencing on 
the doors of a missile launching pad, 
USC can supply you with the finest in 
Control Panels and Systems. 

We ask you... Is it unfair that our 
clients no longer will have to coordi- 
nate a dozen or more vendors? Is it 
unfair to have complete engineering 
and fabrication facilities under one 
roof? Is it unfair for us to stand un- 
ashamed behind our panels with com- 
plete performance guarantees? Is it 
unfair to have representatives in nine 
major cities to save you time in the 
planning stage where it really counts? 


Go home Pickets! 


MAY WE SHOW 
YOU HOW FAIR 
WE CAN BE? 


Send blueprints or 
performance sheets, 
or request a field 
engineer to visit 
your plant to discuss 
your problem — 

no cost or obligation, 
of course. 


Want to see more? 
Specify case history brochure. 


U. S. CONTROLS, INC. 


410 Fourth Avenue 
Brooklyn, New York 
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NEW BOOKS 


ters admirably. Especially worthwhile 
is the inclusion of the root-solving ta- 
bles of Luke and Ufford, basicxily an 
extension of Lin’s method that per- 
mits simultaneous solution for all the 
roots of a polynomial equation. 

A discussion of block diagrams and 
transfer functions is followed by a 
cursory treatment of basic servo char- 
acteristics. In this reviewer's opinion 
the authors were remiss in not calling 
their readers’ attention to the modern 
concept of dynamic error coefficients 
—even a footnote would have sufficed. 
Instead they limit their discussion to 
static error coefficients, certainly of 
relatively less importance today. The 
next three chapters deal respectively 
with root-locus, frequency response, 
and Nyquist’s stability criterion. 

Then come five excellent chapters 
on servo design. They run from such 
elementary topics as gain adjustment 
by use of M-circles to feedback com- 
pensation by rootdocus methods. 
These chapters are replete with nu- 
merical examples that illustrate various 
compensation schemes for control sys- 
tems. Many different types of control 
systems are used in the examples. As a 
result these five chapters constitute a 
self-contained dictionary of compensa- 
tion techniques. 

The next chapter is on multiple 
loop systems with several inputs. The 


authors employ block diagram manipu- | 


lations to simplify multiloop systems 
having only one input; an appendix 
contains a supplementary list of useful 
block diagram transformations. For 
multiple input systems the authors 
describe the conditional feedback 
scheme of Lang and Ham and also 
present a synthesis technique origi- 
nated by Povejsil and Fuchs. It is 
surprising that no mention was made 
of Freeman’s general solution of the 
synthesis problem, which considers 
the general case of multiple inputs and 
multiple outputs. 

The remaining chapters cover the 
following topics: optimum response 
criteria, nonlinearities and describing 
functions, analog computers, and ex- 
perimental and design procedures. 
There are several useful appendixes in 
addition to those previously men- 
tioned. Of special interest: use of 
the Spirule, phase-angle loci, and auto- 
matic root-locus plotting. 

In summary this book is an excel- 
lent text for a first course in servo- 
mechanism theory and an equally ex- 
cellent reference for the practicing 
engineer. 

Leslie R. Axelrod 
The Powers Regulator Company 














This miniature tip-sensitive 
Resistance Temperature 
Detector has its sensing 
element located within .060” 
of tip for fast response to 
temperature changes. Small 
size enables it to be installed 
where larger types of 
temperature sensing elements 
would not fit. It may be 
mounted from inside of 
bearing and its tip is tinned 
so that it may easily be 
covered with babbitt after 
installation. Use with terminal 
41820. For complete 
information, write for 
Reference Data Sheet 1045A,9. 


SPECIFICATIONS: 


Temperature Resistance 
Characteristic: No. 7 

Time Constant in Water: 
4.0 sec. 

Maximum Current in Bearing: 
0.015 amps 

Maximum Pressure: 2500 psi 
in babbitt installation 








THOMAS A. 


EDISON INDUSTRIES 


INSTRUMENT DIVISION 


West Orange, New Jersey 
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A PHASE 
SENSITIVE 


NULL METER 

WHEREIN NOISE 

AND HARMONIC 

VOLTAGES ARE 

EFFECTIVELY 

ELIMINATED MODEL 100A 
e Allows separate balance of in- 


phase or quadrature in null cir- 
cuits. 


VISIT 
Booth 403 


NEC 
CHICAGO 


e Eliminates the necessity for fil- 
ters. 


Oct. 10, 11, 12. 


@ High sensitivity. 


e Direction of null clearly shown on zero centered 
meter. 


1960 


e Synchro zeroing without recourse to coarse and 
fine switching. 


For further information contact yevr nearest 
representative or write for b:ochure 


co. 
GR. 3-4684 


~_ 
JTECO E INDUSTRIAL TEST EQUIPMENT 


—— gE el ee 
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NEW EPL 
TIME DELAY 


Proximity 
Switch | 


oe 
WITH 
PLUG-IN 
MODULES 


Choice of 
2 Time Delay Modules 


oF 


Delayed relay opening (break) 


DWELL TIME 
= > DELAY 


TOTAL TIME RELAY 
IS ENERGIZED 


4906-JIC Control Amplifier with 4913-BL Sensing Head 


Actuated by NON-MAGNETIC and MAGNETIC 
metals to solve varied control problems 
Built-in time delays eliminate costly 

timing relays... give maximum 

flexibility at minimum cost. 


Delayed relay closure (make) 
DWELL TIME 








au 
> 


TOTAL TIME RELAY 
IS ENERGIZED 























Write for New Detailed Bulletin EDPS-80! 


Evectro Propucts LABORATORIES, 5.°- Ravenswood, Chicago 40 
Canada: Atlas Instrument, Ltd., Toronto 
Proximity Switches - Magnetic Pickups - Tachometers - DC Power Supplies 
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steer 


Why pay for an expensive alignment tel- 
escope when a Tinsley Autocollimator may 
meet your requirements for hundreds of 
dollars less? The Tinsley Autocollimator is 
easily capable of reading precise angles to 
Y% minute accuracy. 20 power. Inter- 
changeable light source and eyepiece for 
viewing from end or side. Fits standard 
fixtures. Economical and dependably ac- 
curate. Write for price and information. 


TINSLEY 


LABORATORIES, INC. 


2526 Grove Street + Berkeley 4, California 
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MAYBE YOU’ RE 
NOT WEIGHING. 
LIONS, BUT... 


...1f you were, we rather imagine 
you'd like to do it from a remote 
location—like South Tanganyika, 
let’s say. You could do it with bath- 
room scales (not recommended) or 
you could do it with a Coleman 
DIGITIZER Weighing System with 
remote indication, remote printout 
and the remotest of controls (rec- 
ommended!). For that matter, you 
could weigh a load of coal, a freight 
car or a sack of chicken feathers 
without even changing your sweat- 
shirt! 

If you really want to weigh a lion, ask 


somebody else, will ya? We're smart like 
foxes but courageous like chickens. 


Booth 1902—New York ISA Show. 


mais 
E=— | 





COLEMAN ELECTRONICS INC. 


133 EAST 162ND STREET, GARDENA, CALIFORNIA 
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| National Machine Tool Builders Asso- 





| MEETINGS 


SEPTEMBER 


Society of Instrument Technology and 
the British Interplanetary Society, 
Symposium on Rocket and Satellite 
Instrumentation, London, England 

Sept. 1 

Production Engineering Show, Navy 

Pier, Chicago, III. Sept. 6-16 





ciation, Machine Tool Exposition 
(in connection with Production 
Engineering Show), International 
Amphitheatre, Chicago, III. 
Sept. 6-16 
Joint Automatic Control Conference, 
sponsored by ASME, AIEE, IRE, | 
ISA, and AIChE, Massachusetts 
Institute of Technology, Cam- | 
bridge, Mass. Sept. 7-9 


| Second Coliseum Machinery Show, 


| National 


Chicago Coliseum, Chicago, III. 
Sept. 7-15 
American Society of Mechanical Engi- 
neers, Engineering Management 
Conference, Hotel Morrison, Chi- 
cago, Ill. Sept. 15-16 


International Symposium on Data 
Transmission, sponsored by IRE, 
Benelux section, (conducted in 
English), Technische Hogeschool, 
Delft, Netherlands Sept. 19-21 

Institute of Radio Engineers, Na- 
tional Symposium on Space Elec- | 
tronics and Telemetry, Shoreham | 
Hotel, Washington, D. C. 

Sept. 19-22 | 

American Institute of Electrical Engi- | 
neers, Ninth Annual Industrial 
Electronics Symposium, Sheraton 
Cleveland Hotel, Cleveland, Ohio 

Sept. 21-22 | 

American Society of Mechanical Engi- | 
neers, Power Conference, Bellevue- 
Stratford Hotel, Philadelphia, Pa. | 

Sept. 21-23 | 

Instrument Society of America, | 
15th Annual Instrument-Automa- | 
tion Conference and Exhibit, New 
York Coliseum, New York, N. Y. 

Sept. 26-30 

American Rocket Society, Space 
Power Systems Conference, Mi- 
ramar Hotel, Santa Monica, Calif. 


Sept. 27-30 


OCTOBER 


American Institute of Electrical 
Engineers, Fall General Meeting, 
Morrison Hotel, Chicago, III. 

Oct. 9-14 | 

Electronics Conference, 
Hotel Sherman, Chicago, Ill. 

Oct. 10-12 | 

Institute of Radio Engineers, Sym- | 

















This tip-sensitive general 
purpose Resistance 
Temperature Detector is 
designed to measure such 
metal temperatures as 
machinery bearings. 
Responds to temperature 
changes at its tip only 

and is unaffected by 
temperatures around 
tubing. Used with 

holder 42078, this 
hermetically sealed RTD 

is suitable for application 
in hazardous areas defined 
by...National Electrical Code 
as Class |, Groups C and D, 
Class Il, Groups E, F and G, 
and Class Il!. For complete 
information, write for 
Reference Data Sheet 1045A-11. 


SPECIFICATIONS: 


Temperature Resistance 
Characteristic: No. 7 


Time Constant in Agitated Water: 2 seo. 


Maximum Current in Air: .015 amps; 
in Water: .025 amps. 


Maximum Pressure: 200 psi 


Wiens (Une 








THOMAS A. 


EDISON INDUSTRIES 


INSTRUMENT DIVISION 


West Orange, New Jersey 
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waterproof, 
shockproof, 


2 AMP mercury switch 


OPERATES ON ANY AXIS, 


costs just 40c" 


The HG 426MI is .500” diameter, 1-11/16” 
long and ideal as a washing machine lid 
switch, float switch, submerged switch, sump 
pump switch or refrigerated vacate machine 
switch. 


FOR COMPLETE INFORMATION, WRITE OR CALL 


Oss 


259 GLENWOOD AVENUE. 
CORPORATION BLOOMFIELD, NEW JERSEY 


PILGRIM 3-6800 
*0.E.M. quantities (10,000) 


SEE US AT BOOT #124—INSTRUMENT SHOW 
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TEST RELAYS FASTER, MORE ACCURATELY, WITH EECo’s ALL-NEW 


RELAY 
TESTER 


280 


Where knowledge of relay performance is 
important to your operations, here’s one 
of the most valuable aids ever devised. 


It’s EECo’s Model RT-905, latest im- 
provement on the most successful line 
of relay testers ever made available. 
Measures voltage and current simultane- 
ously, both pull-in and drop-out. Measures contact resistance, coil resistance, 
insulation resistance, pull-in and drop-out time, contact bounce. Automatic 
relay driving circuitry. Oscilloscope connections and appropriate circuitry. 


Write for data sheet, and turn over your relay troubles to an EECo RT-905. 


Anaheim Electronics Division 


Electronic Engineering Company of California 
1601 East Chestnut Ave.+ Santa Ana, Calif.» KI mberly 7-5501 > TWX: S ANA 5263 


EE O-9 
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CONDUCTIVITY 


ACCURATE TEMPERATURE 
COMPENSATION 


The overall accuracy of an electrolytic con- 

ductivity system is governed to a larger extent 
by the accuracy of its temperature compensator 
than by any other single factor...and probably 
...by all other factors combined. 
A prime requisite for high accuracy in conduc- 
tivity measurements is a good match between 
the temperature coefficient of conductivity of the 
solution under test, and the characteristics of the 
temperature compensator. A small departure mul- 
tiplied by a large number of °F can produce an 
impressively large error. 


” “» © we 


The above curve demonstrates the extent to 
which the temperature-conductivity characteris- 
tics of four common solutions differ from each 
other. Q:s, shown as the vertical coordinate, is 
the ratio of the conductivity of a solution at t°C 
to the conductivity of the same solution at 25°C. 
A temperature compensator designed to match 
any one of these solutions would fail miserably 
if used for any of the others. 

Industrial Instruments, for many years. has rec- 
ognized the need for close matching of the tem- 
perature compensator to the service requirements 
of the conductivity equipment. Over 500 different 
manual temperature compensators and 200 auto- 
matic temperature compensators are immediately 
available for applications ranging from ultra-pure 
demineralized water to fuming sulphuric acid, and 
from 20°F to above 300°F. 

Industrial Instruments stands ready to serve you 
with authoritative information and the best in 
Electrolytic Conductivity Equipment... Electrolytic 
Conductivity is Our Business! 

Solu Bridges. ..Continuous Indicators... Electrode- 
less Conductivity Systems. .. Battery-Operated Re- 
corders...Larson-Lane Steam & Condensate Ana- 
lyzers...Thallium Dissolved Oxygen Analyzers... 
Circular & Strip Chart Recorders... Conductivity 
Cells... Piatinizing Kits & Supplies... Sample Cool- 
ers & Cell Holders... Therma Bridge Gas Analysis 
Equipment. 


TILA 


Industrial 


Instruments Ins Irumen%ss inc 
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MEETINGS 


posium on Adaptive Control Sys- 
tems, Garden City Hotel, Garden 
City, N. Y. Oct. 17-19 
American Society for Metals, 42nd 
National Metal Exposition and 
Congress, Trade and Convention 
Center, Philadelphia, Pa. Oct. 17-21 
Second International Congress and 
Exhibition for Measuring Tech- 
niques and Automation (INTER- 
KAMA), Dusseldorf, Germany 
Oct. 19-26 
Institute of Management Sciences, 
Seventh International Meeting, ses- 
sion on computers and simulation 
techniques, Hotel Roosevelt, New 
York City. Oct. 20-22 
Institute of Radio Engineers, East 
Coast Aeronautical and Naviga- 
tional Electronics Conference, Lord 
Baltimore Hotel, Baltimore, Md. 
Oct. 24-26 
Fifth Annual Conference on Non- 
Linear Magnetics and Magnetic 
Amplifiers, sponsored by IRE and 
AIEE, Bellevue-Stratford, Phila- 
delphia, Pa. Oct 26-28 


Institute of Radio Engineers, Electron 
Devices Meeting, Shoreham Hotel, 
Washington, D. C. Oct. 27-28 


NOVEMBER 


Institute of Radio Engineers, 13th 
Annual Conference on Electrical 
Techniques in Medicine and Biol- 
ogy, Theme: application of elec- 
tronic techniques to analytical in- 
strumentation, Sheraton-Park Hotel, 
Washington, D. C. Nov. 1-2 

Sixth Annual Conference on Magne- 
tism and Magnetic Materials, spon- 
sored by AIEE and American Insti- 
tute of Physics, New Yorker Hotel, 
New York, N. Y. Nov. 14-17 

Symposium on Engineering Applica- 
tions of Probability and Random 
Function Theory, Purdue Univer- 
sity, Lafayette, Ind. Nov. 15-16 

Institute of Radio Engineers, Mid- 
America Electronics Convention 
(MAECON), Hotel Muehlebach, 
Kansas City, Mo. Nov 15-16 

American Society of Mechanical Engi- 
neers, Annual Meeting, Statler 
Hilton Hotel, New York, N. Y. 

Nov. 27-Dec. 2 


DECEMBER 


Eastern Joint Computer Conference, 
sponsored by IRE, AIEE, ACM, 
Hotel New Yorker and the Man- 
hattan Center, New York, N. Y. 

Dec. 13-15 
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Here’s why leading 
manufacturers* specify 


SRT TS: 
a Nsw otet 


@ low cost 

@ improved product superiority 
@ increased efficiency 

@ more power in less space 

@® wide mounting tolerances 

@ ratios from 3:1 to 400:1 


2K on-THE-JOB PROOF 
AT DORMEYER 


The Dormeyer CU-1 lawn cultivator re- 
quired a high gear ratio (60:1) with 
single reduction, right angle out-put to 
in-put, and small gear diameter with 
high loading, maximum mounting tol- 
erances. Helicon gearing was selected 
for the cultivator drive because 
Dormeyer found its features most 
adequately satisfied all of the unit's 
requirements and design needs. 


* ON-THE-JOB PROOF AT PIONEER 


Specially hardened and heat treated Helicon 
gears are used in the engine transmission of the 
Pincor Twenty One front throw trimmer power 
mower manufactured by the Pioneer Gen-E- 
Motor Corporation. Helicon gears were chosen 
because they provide the 
desired reduction, have excel- 
© lent loading characteristics 
for their size, offer simple 
alignment, are noiseless and 

give longer service. 


REQUEST THIS FREE CATALOG that 
gives the description, advantages and ap- 
plications of Helicon 

gears. Send for your 

free copy now! 





SPIROID DIVISION 


| «*xELEENOIS TOOL works 
| 2501 North Keeler Avenue, Chicago 39, Illinois 


CIRCLE 281 ON READER SERVICE CARD 


281 





Lsorany aan | 
GAST 


. | 

ewer Th, 24 te MAGPNUTRAX 
Runs 3 i | : FLOWMETER 
without fr ‘ 4 
oil — | ay jy : 

Model 3040 Oil- 

less Air Pump. 

Vac. to 20”, 

Pressure to 10 

p.s.l. To 24 


c.f.m., % to 
1% hip. 


Oil-free air blast with carbon-vane 


GAST = AIR PUMPS 


Need compressed air that’s absolutely free of oil 
Other mist? A Gast Oil-less Air Pump may be your 
Oil-less answer! Air flow can’t contain oil vapor, because 
no oil is used. 
Models You also eliminate lubrication problems when 
Built in six Vacuum or pressure pump is mounted in a hard- 
smailer sizes,  to-service location. 
some with intee Four carbon vanes lubricate themselves. Ball 
grat motors — bearings are grease-sealed for life and separated 
Yi2 to Ys hep. from pump chamber by a ventilated space. Built 
in 7 models, 


See Catalog Write for Oil-less Bulletins 152A and VP-356. 
in Sweet's GAST MANUFACTURING CORP., 
Design File P.O. Box 117-I. Benton Harbor, Mich. 


@ AIR MOTORS TO 7 HP. 

@ COMPRESSORS TO 30 P.S.1. 

@ VACUUM PUMPS TO 28 IN. 
“Air may be your answer!" 
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Complex switch patterns . . . simply set. . . with No extension troubles — 


PROGRAMONITOR ever! (No extension—that’s 


e a ° : ! = j 
automatic recycling circuit control ee a ee eee 
elbows or stagnant pockets, 


either. With this new rotam- 
eter-transmitter the flow goes 
straight through. Neat as you 
please. Even if you’re meter- 
ing slurries, still bottoms and 
other such gunky stuff. Trans- 
mits electrically or pneu- 


POSITIVE RECYCLING matically, however you like, 
WITHOUT INTERRUPTION OF 


COUNTING OR TIMING DRIVE and can include flow inte- 


Adjustable overall cycle settings . . . ranges up to 4,000 ation. too. A word from 
counts or time increments, gr ? ° 


Pre-set any number of intermediate switching points within you will bring Design Speci- 


overall cycle. f 
® Ends need for change gears, complex cam systems, costly fication Sheet DS-361. It tells 
control circuits, awkward mechanical stops. ‘ 
® Applied to control of irregular sequencing of single or you what you ll want to know. 
multiple circuits. 
For help with special circuit control problems requir- 


ing design of new equipment, call on our research 
and development specialists at the planning stage. 


COUNTER and CONTROL CORPORATION on 2 - = 


4509 WEST BROWN DEER ROAD MILWAUKEE 23, WISCONSin 960 E Street 


L A e P yt y 
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* Trademark of the Brooks Rotameter Co. 


























FROM 
SERVONIC... 


A complete line of 
Transducers for 
Rugged Applications 


mE ocr H—High Pressure | 


Transducers: For highly accurate | 


measurement of pressure in corrosive 


fluids while exposed to extreme en- | 


vironments. Sealed, oil-filled cases 
available in most models. 400 to 
8,000 psi. Vibrations to 30g. Various 
case configurations readily available. 
Write for Bulletin S1-581. 


Model H-90 


— 


Model G-76 


—) Model G—Rectilinear 


Potentiometers: For measuring dis- 
placement of missile and aircraft. 
actuators. Can be mounted internally 
or externally. Vibration levels to 35g. 
Ranges from 1/8” to 12”. Critical 
elements of this high performance 
potentiometer are humidity sealed 
within a high-strength alloy case. 


Recnbiiiees Sindit:0.--tow Prema 


Transducers: Rugged, high response 
instrument. Pressure actuated, corro- 
sion resistant aneroid elements oper- 
ate precision potentiometer. Switching 
function can be accomplished in lieu 
of potentiometer output. Working 
fluids excluded from sealed oil-filled 
case. Send for Bulletin $1-582. 


Special designs to 
your specifications. 


SSERVONIC 
INSTRUMENTS, INC. 
640 Terminal Way, Costa Mesa, Californri+ 
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WHAT’S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING readers in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 175. Don’t send 
money with card, we will bill 
you later. For multiple copies 
write Reader Service Dept. 
Quantity rates will be quoted on 
request. 


504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac- 
teristics of inertial navigators, guidance ra- 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per- 
ceptive guidance systems. 65 cents. 
503—How to Determine Stream Analyzer 
Dynamics, 8 pp. This package of two arti- 
cles shows how analyzers can introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform- 
ance. The instrument used is a differential 
refractometer but techniques can be extra- 
polated to other types of analyzers. 40 
cents. 

502—Survey of Dynamic Display Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision — 
transducers: pin-and-pawl mechanism, 
magnetic bench-mark system, resolver- 
type transducer, electrostatic transducer, 
coded-disc devices, and diffraction gratings. 
30 cents. 

500—Ready Reference Data Files—I, 
II, Ill, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Conrror 
Encrineerinc through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

499—Ready Reference Data Files—III, 
28 pp. Includes the third dozen Data 
Files published in Controt ENcINEER- 
inc. Topics range from control of metal 

Continued on page 284 
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FOR SUPER CLEAN 
ROOM OPERATIONS 
fj + > 


SPECIFY EXCLUSIVE 
WORKLON 


LINT-FREE 


100% Dacron* Chemical Resistant 


INDUSTRIAL APPAREL 


SHIRTS * TROUSERS + COVERALLS + LAB 
COATS + CAPS «+ LADIES UNIFORMS 


Reduce product contamination from dust 
and lint and increase profits with scien- 
tifically designed industrial apparel by 
WORKLON. Lint-free and acid-resistant 
industrial apparel are available in a 
variety of special purpose styles for men 
and women to serve every precision 
manufacturing requirement. 


DESIGNED BY SPECIALISTS FOR EVERY 
SPECIAL PURPOSE! 


WRINKLE RESISTANT 

For Longer Wear, Easier Laundering 
SMARTLY STYLED 

For Wear-With-Pride Appeal 

ALL STYLES, SIZES, COLORS 

For Immediate Delivery from Stock 
RESISTALL WEAVE 

For Durability and Year Round Comfort 


WORKLON Also Features Widest Selection 
of Acid-Resistant Static-Free Clothing. 


For more than a decade, Worklon has been 
designing and manufacturing Lint-Free 
garments for industry's most critical oper- 
ations. Worklon styles are tailored for the 
specific job, and are your assurance of the 
highest standards of clean room apparel. 


*DuPont’s reg. t.m. for its polyester fiber. 


SEND FOR NEW FREE CATALOG 


Return Coupon TODAY for 
Latest WORKLON Industrial Fay 
Apparel Catalog IN COLOR! ,, 








Workion, Inc., Dept. CO-90 | 
253 West 28th St., N.Y. 1, N.Y. 


Kindly send new Workion catalog 


----------- 
i 
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rs Te DUII-In contacts raat vt THESE 


SODECO DIGITAL ELEMENTS 50 VERSATILE. . 








or in series, 
s a counter of as many 


~te as v ang 


Hes age 


SODECO 170 ten oF twenty 


impulse /see counters nits. sulted le fy 
x Li” x 4"), TURE iarge, 088Y 1° Ligh, 
i wide and Ya 


agree 


YOU CAN: 
Evenat any figure remotely, by push but. 
ton, by dial, or from punched cards 
Reset to zero electrically 
Or count down, get a signal at zero, re- 
cycle, or preset to a new figure in less 
than half a second per digit 


Specify them for addition or for sub- 
traction 


Transmit numbers to remote locations 


Ask for descriptive bulletin and wiring 
diagrams for these and other applications 


fest 45th Street, New York 36, N. Y 
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NEW! Meter Recorder Marking System 


with a Slip-In Cartridge! 





ad 


Esterbrook’s customized 
marking systems 
guarantee you 

complete satisfaction ... 
for any type recorder... 
Circular... 
Miniature or Plotter! 


Strip 


Customized for your meter recorder by Esterbrook 


Give your customers the benefit of ink 
cartridge convenience, and a century of 
experience in the recording product you 
build. . . . Now—Esterbrook’s Technical 
Products and Instrument Division will 
custom-design and build a new marking 
system for your product. 

The result: no more breaking down... 


no more hand fixing! With Esterbrook’s 
new customized meter recorder you'll con- 
serve operating time...and you'll receive 
the free design time and engineering as- 
sistance of experts! 
For further information write to: 
Technical Products & Instrument Division 
The Esterbrook Pen Co. * Camden 1,N. J. 


TECHNICAL PRODUCTS AND INSTRUMENT DIVISION 


CAMDEN |, NEW JERSEY 
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REPRINTS cont'd 


properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza 
t:04 ot sampled data systems. 60 cents 

498—Ready Reference Data Files—Il, 
24 pp. Includes the second dozen data 
files published in Conrrot ENGINEERING 
Topics covered range from analyzing hy 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. A must for every control engineer s 
library. Includes the first 12 data files 
published in Conrrot ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems. Each one gives a 
method of solving a particular problem 
50 cents. 

496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 

495—Transparent Template for Design- 
ing Servo Compensators, November 1959, 
3 pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data 
rue outlining development of template 
and showing its use through sample 
problem. 75 cents. 

494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice 
Eight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how to 
use locus techniques with multiloop sys 
tems. 45 cents. 

493—Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those whe 
or ‘er all three parts (I, II, and III) of 
Analysis Instrumentation Series: 17 per 
ent discount on 112 pages of timel; 
technical information for process control 
engineers. $1.75. 

492 — Analysis Instrumentation — III — 
Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes last 
nine articles of Analysis Instrumentation 
Series. 90 cents. 

491—Analysis Instrumentation—II—Re- 
fractometers, Infrared Analyzers, Ultra- 
violet Analyzers, Colorimetry, 32 pp 
‘his includes the second group of four 
articles of the Analysis Series. 60 cents 

490—Analysis Instrumentation—I—Nu- 
clear Magnetic Resonance, Chromatog- 
raphy, Radioactivity, 32 pp. Reprint 
consists of first 4 articles of Analysis 
Instrumentation Series: a general introduc 
tion and detailed discussions of the three 
analysis techniques. Emphasis is on basic 
principles, practical tips, and the use of 
these techniques in automatic process con- 
Continued on page 286 
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STROMBERG-CARLSON 


“Bp” 
SERIES 
RELAYS 


For your automation 
. computing... control 
circuit applications. 


“TELEPHONE QUALITY” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, here is telephone quality 
at an ordinary price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife- 
edge pivot and special frame- 
armature construction. Like all 
Stromberg-Carlson relays, it is 
built to operate under extreme 
ranges of temperature and hu- 
midity. Prompt delivery is avail- 
able on all orders. 

For details, in Atlanta call 
TRinity 5-7467; Chicago: STate 
2-4235; Kansas City: HArrison 
1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommu- 
nication Industrial Sales, 112 
Carlson Rd., Rochester 3, N. Y. 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 
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SPECIAL 
KEYBOARDS 


bars, switches or lights In any 

4s require—wired to your specifications. 

2) boards can be found working with many 

a types” ef equipment throughout the United 

; and Canada. Only proven components with 

aaeepbonally tong life characteristics are used. A 

example: a keyboard that has tweive keys and 

‘one bar, wired to a cable and connector with a steel 

case painted grey—$220. Delivery three to five 

weeks. Send us a sketch of your desired key layout 

and wiring specifications for an immediate estimate. 
Also call upon us for your special requirements 
for paper t Or magnetic tape Input equipment. 


CONCORD CONTROL INC 
1282 Soldiers Field Road, Boston, Mass. 


HIGH 
SIGNAL-TO-NOISE RATIO 
SIZE 11 MOTOR-GENERATOR 


The high performance Size 11 Servo Motor-Generator 
features 0° phase shift and a signal-to-noise ratio 

of 300:1. It is designed primarily to replace 

Size 15 units in high gain damping applications. 

In-phase speed-sensitive output variations due to 
temperature variations are stabilized to within 0.2%/°C 
over the temperature range and speed-sensitive voltage 
and frequency variation are stabilized to within 

+ 0.2% for voltage and 0.03% cycle for frequency. 


| KEARFOTT DIVISION G&D GENERAL PRECISION. INC. 


Little Falls, New Jersey Other Divisions: GPL. Librascope. Link 
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Better shape factor 


over wider frequency range 


DAVEN’S NEW “EGG CRATE” LC FILTERS 


Center frequency: covers the range from 0.4 MC to 60.0 MC de- 
pending upon specific requirements. Center frequency stability: 
1.0 KC per MC from -55°C to +105°C. Shape factor: 
BWe0/BWe to 2.1. Shape factors can be modified for optimum 
time delay. 


Daven’s new LC filters are ideal for shaping the pass band 
of AM/FM or FM/FM data link receivers, double or single side 
band receivers and generators, direction finding receivers, com- 
munication and telemetering receivers, and spectrum analyzers. 


Write today for complete, newly-published technical data. 


LIVINGSTON 

“DAVEN= () sr: 

TODAY, MORE THAN EVER, THE DAVEN ©) STANDS FOR DEPENDABILITY 
CIRCLE 156 ON READER SERVICE CARD 


RLX-618 as 7 


POST 


ELECTRONIC 


PRODUCTS = 
NEW! '@ 


_ 
MH-2-P Magnetic Switch 


A new and improved sensing de- increased sensitivity. As a con- 
vice . . . neatly contained in an sequence, smaller magnets can be 
epoxy resin shell. The MH-2-P is used and manufacturer reports a 
ideal for industrial applications minimum magnetic field transient 
and is easier to mount in areas of time of only 8 milliseconds is 
limited access. A quick discon- needed to activate the switch. Op- 
nect Cannon connector eliminates erating life is in excess of one 
elbow type construction. billion operations. 
The new epoxy resin housing 
results in less magnetic flux and Write For Bulletin MH-2-P 


POST ELECTRONIC PRODUCTS 


Division of Reid Brothers Company, inc. 
12 LOTHROP ST BEVERLY, MASS 
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trol. 60 cents. 

489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This reprint covers a broad 
selection of multivibrator circuits. 45 
cents. 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 

487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi- 
speed ac actuators actually take many efh 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current coup- 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint takes a fresh look at the problem 
of specifying process flow contro] valves. 
The author gives rules for selecting the 
right valve characteristics based on. static 
and dynamic considerations, takes into ac 
count the influence of piping on valve per- 
formance, and tackles the problem of siz 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 
experience been logged to put their de- 
sign on a scientific, rather than cut-and 
try basis. This reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con 
siders the special circuit designs that are 
required. 30 cents. 

484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work 
ing system designers, on a practical rather 
than theoretical basis. It tells how to con 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn 
thesize nonlinear systems using phase 
plane techniques. 50 cents 

483—Economics in Control, December 
[958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 


Continued on page 289 
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are you spending 


$4 200 


for a one cent job ? 


If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at current pay 
rates, this means a $12 job at less than one 
cent... the STANPAT way. Easily transferred 
to your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


here's how simple the 
STANPAT method is! 








PEEL 


the STANPAT 





= from its backing. 





PLACE 


the STANPAT into 
position on the 
tracing. 








PRESS 


into position... 
will not wrinkle 
or come off. 








STANPAT is available in two types of 
adhesive backs: 


@ Rubber base for standard drafting and 
tracing papers 
@ Resin base to prevent leaching for papers 
that contain oils 
But whatever the application may be, there’s 
a STANPAT product for your specific needs 
STANPAT has a guaranteed shelf life of one 
year from date appearing on tab end. For 
further information and technical i ; 
complete the coupon below and mail. 


STANPAT CO. Whitestone 57,N.¥.,U.5.A 


Phone: Flushing 9-1693-1611 





1 

§ (0 Please quote on enclosed samples. 

8 (0 Kindly send me STANPAT literature and 
cmmgrns. D=PT. 20 








| 
> 
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| KEARFOTT DIVISION 


AAI «HERMETICALLY SEALED* 
mpvance| MILITARY DC RELAYS 
NTN AVAILABLE FROM STOCK 





| &. 


MQA NM 
Printed Circuit} Subminiature 
Crystal Can Transistor 

Size Can Size 


Mv 
Crystal 
Can Size 


SERIES 
= 





CONTACT 
ARRANGE- 


DPoT DPOT SPOT 
(2 form C) (2 form C) (1 form C) 
MENT 





RESISTIVE 2 2 
CONTACT 
RATING (AMPS) 
coiL** 


RESISTANCE 
RANGE (OHMS) 


OPERATING 250 
POWER A 


0.25 





30-7000 50-2008 








0.875x 
6.797x 
0.359 


























**OTHERS ON SPECIAL ORDER 


EVACUATED AT 2.5 INCHES HG ABS 
DEGASSED AT 10 MICRONS AND 135-170°C 
FILLED WITH DRY NITROGEN 

RADIFLO LEAK TESTED UPON REQUEST 


ELGIN ADVANCE RELAYS 
ELGIN NATIONAL WATCH COMPANY 


ELECTRONICS DIVISION * 2435 NORTH NAOMI STREET + BURBANK + CALIFORNIA 
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YF: 


' NEW HIGH PERFORMANCE — 





SIZE 8 MOTOR GENERATOR 


Kearfott’s new Size 8 high performance servo 

motor-generator features high signal output 

and extremely low null voltage. The signal-to- 

noise ratio of 100:1 and linearity of 0.2% make the application 

of this motor generator to lightweight integrator packages 

most desirable. Stainless steel construction and thermal stability 
assure its reliability and long life in the most severe environments. 


CGP) 


Little Falls, New Jersey Other Divisions. GPL, Librascope. Link 


GENERAL PRECISION. INC. 
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Cin< E 157 OY READER SERVICE CARD 


SEPTEMBER 1960 CIRCLE 287 ON READER SERVICE CARD 287 








4 ULTRASONICS B 


Just Published—Second Edition. Here 
is full coverage of important facts on 
the design, repair, and construction 0 
ultrasonic equipment. Includes spe 1 
experimental results of many details 
of equipment, plus advances in clean 
ing and degreasing, soldering, plating 
and other operations. By B. Carlin, 
formerly Product Research Super, isor, 
Sperry Products. 2nd Ed., 304 pp., 265 
illus., $11.50 


ANALYSIS AND DESIGN 
OF FEEDBACK 
CONTROL SYSTEMS 


dust Published—Second Edition. Shows 
you how to apply the principles and 
techniques of analysis to the solution 
of design problems, and presents 
schedule of design procedures 
cases illustrating how typical design 
problems are solved. By G. Thaler, 
UL. S. Naval Postgraduate School; and 
R. Brown, Electronics Division, Gen- 
eral Motors Corp. 2nd Ed., 640 pp., 472 
diagrams, charts, ta» es, $14.50 








- Rocket Controls 
DIGITAL COMPUTER 


AND CONTROL 
CAREERS FOR: ENGINEERING 


dust Out. Covers all phases of digital com- 


puter engineering. By R. Ledley, The 
MECHANICAL ENGINEERS George Washington Univ. 835 pp., 398 


illus., 62 tables, $14.50 


ELECTRO-MECHANICAL ENGINEERS FUNDAMENTALS OF 


SIGNAL THEORY 


APPLIED PHYSICISTS Just Out. Explains mathematical techniques 


useful in understanding excitation and re- 
sponse of linear systems. By J. Stewart, 


in research—development—design ee 
INFORMATION AND 


Opportunities exist at Bendix Research Laboratories for DECISION PROCESSES 
stimulating work in the following areas: Fluid Power Just Out. 12 articles on advances in in- 
© — : aleat 7 Se at? formation and design theory. Edited by 

Servo and Dynamic Analysis ¢ Hydraulic and Pneumatic B. BR. Machel, Pastas Univ. £60 pe. ttuc, 
Servo Controls © Thermodynamics and Heat Transfer * Hot $5.95 
Gas Devices ¢ Material, Lubrication, Wear and Friction. , 

You will find this work unusually stimulating and satisfy- CONTROL ENGINEERS 
ing. Comfortable and pleasant surroundings in suburban HANDBOOK 
Detroit, with opportunity for advanced study at nearby Data on components and design of feedback 
universities. control systems. Edited by J. Truxal, Poty- 


technic Inst. of Bklyn. 1048 pp., 1114 Illus., 
$18.50 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Dept. CON 9 
327 W. 4ist St., New York 36, N. Y. 


Send me book(s) checked below for 10 di 
nation on approval In 10 days I v 
book(s) I keep plus few cents for delivery cos 
return unwanted book(s) postpaid. (We pay d 
costs if you remit with this coupon—-same 
pel lege. ) 
C) Carlin—Ultrasonies, $11.50 
3 ne z Thaler & Brown—Anal. & Design of Feedback 
Se a SESS Sac ie : Control Systems, $14.50 
Y “7 ’ 5 ". @ " } Lediey—-Digital Comp. & Cont. Eng., $14 
Tape Controlled Milling Machine Hydraulic Servo Motors Stewart—Fund, of Signal Theery, $0.0 
Machol—tnf. & Decision Processes, $ 
} Truxal—Cont. Eng. Handbook, $18.50 
If interested, please write or call (collect) A. Capsalis, (PRINT) 
Research Laboratories Division, The Bendix Corporation Name 


Southfield, Michigan. Phone: KEnwood 7-3300 Address 
Company 


Research Laboratories Division 


“ Fur price and terms outside 
SOUTHFIELD, MICHIGAN write McGraw-Hill Int'l, N.Y.C 


Position 
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REPRINTS cont'd ™ WORLD’S MOST ACCURATE 
| AIR-PRESSURE 
REGULATOR 


case histories showing specific benefits of Holds pressure to 1/5 of 1/10 
modernizing with control systems. 50 ‘ of 1% of its range over sub- 
cents. : stantial variations in supply 
482—Static Switching Devices—New | pressure, flow, and ambient tem- 
Tools for Industrial Control, May 1957, i perature. Resolution: 1 part in 
28 pp. An independent consultant an- ' 10,000 of range. 
alyzes the complete field of industrial | © No exhaust-valve “pick-up” or 
static-switching systems. Starting off with i initial drop-off on dead-end ser- 
a review of basic switching logic, he covers fe vice. No drift with time or 
circuit characteristics of the fundamental periodic shutdown. 
devices, commercially-available systems, Designed for rugged service and 
actual applications, etc. 50 cents. : 
481—_What’s Available in Flowmeters, ee ee 6 years. Accepted es primary 
24 pp. A comprehensive coverage of posi- : : . seeeeen 
tive displacement, velocity, and mass flow- ; You can prove it! This new air Pressure regulator is the 
’ world’s most accurate and reliable device for precise 
control of air or gas pressure. Yet it costs no more than 
other pilot-operated regulators. 








meters, including characteristics, applica- 
tions, and typical manufacturers; plus de- 
tails of a special drag disc meter. 50 cents ; : . 
480—Selecting and Applying Control Key to its unequalled accuracy and instant ee " 
Timers, 24 pp. A compilation of four '_ its patented high-gain servo —_— peep mm msg 
articles including a tabular description of rather — supply pressure, and its stainless steel p 
timer functional parts, criteria for selecting > a 
and applying control timers, a tabular list- " Available in 2-25, 3-60, or 3-120 psi ranges for 4%”, 4”, 
ing of available timer types and their char- | or %” NPT pipe at 15 U.S. stocking points. pee 
acteristics and techniques for custom-de- é trade and quantity discounts. Write now for data sheet 
signing controls for time-based routines. py ond prices. : ; 
50 cents. | Some territories are still open for qualified technical 
478—Servo Modulators—Their Applica- [7 sales representatives. 
tion, Characteristics, and Availability, 36 e $ 
>. A group of four integrated articles L # ] 
| ied al Pet of electromechanical, exington ontro S 
electronic solid state, and magnetic modu- ne Bn pg yt mass 
rea Fane term: wae | ype PROTECTED BY U.S. AND FOREIGN PATENTS AND PATENTS PENDING bande 
istics, ‘ CZ ; are give ac 
type, plus a 84-item bibliography and CIRCLE 159 ON READER SERVICE CARD 
tables listing commercial units. 65 cents. 
477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Cnitical Control, Direct or Reverse Con 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment 5U cents. 
476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use 
ful reference for control engineers con 
cerned with process simulation. 15 cents. 
474—The Uses of Digital Computers 
in Science, in Business, and in Control, 
12 pp. 14 articles published over two ae 
years as the Digital Application Series , 
Covers application, programming, over-all 
system design, and commercial availability DUAL CHANNEL 
| ee J ni a ECE ne 


of digital computers. $3. 


CONTROL BITS BUFFER AMPLIFIER 


Perkin-Elmer’ Instrument Div.’s 
customers can now obtain chemical 
analytical instruments by lease. 


This small, light-weight unit, a completely transistorized dual channel buffer 

amplifier, is designed to drive Kearfott’s size 11 R980 winding compensated 

synchro resolvers. The amplifier-resolver combination has stable gain character- 
bd istics and negligible phase shift through an ambient temperature range of —55°C 

U. S. Forestry Service is testing use to +85°C. This unit meets the environmental requirements of MIL-E-5272. 

of battery powered punched tape re- 

corders for wind speed and direction 

records in remote forest lands. The KEARFOTT DIVISION CGP) GENERAL PRECISION, INC. 

Advanced Instrument Corp. device Little Falls, New Jersey ; Other Divisions: GPL, Librascope. Link 

records eight-channel digital data on 

é-in. tape by burning pinholes. 
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PUNCHED TAPE 
BLOCK READER 


A versatile input device for 
numerically controlled systems 


Standard 1 inch 5, 6, 7 or 
8 levels, paper or Mylar. 


Capacity: Up to 30 lines per reading 


(240 bits.), or more. 


Speed: Up to 10 frames per second. 


Output: Triple wire brush contacts, 
rated at 50V and 50mA non- 


inductive. 


Performance: Tested for 500,000 readings 
without error. Automatic re- 
tract of reading head when 
changing tape. 


Price: $1200. (12-line reader). 


WANG LABORATORIES, INC. | 


Natick, Mass. | 


12 Huron Drive, 
Olympic 3-3910 
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Beverly Hills, California 











Proven, Dependable, Rear-Projection Type 


BOG 2". 


A Model and Size for 
Your Every Requirement 


Series 80000 





PRICES 
Series 10000 
1%,4” wide 
58” high 
55¢” long 
$18.00 each 


Series 80000 
34%” wide 
5%” high 

11'¥,4” long 

$33.00 each 


Series 120000 
1” wide 
15,4” high 
3%” long 
$35.00 each 


Quantity Prices 
On Request 


Series 10000 
Series 120000 
OUTSTANDING FEATURES 


© All digits displayed on 
front viewing screen 


© All digits uniform in size 
and intensity 


© High-contrast viewing screen 

© Digit style of your choice 

© Colored digits of your choice 

© Individual units may be 
group assembied for panel 
mounting 


WRITE TODAY FOR 
, COMPLETE SPECIFICATIONS 








CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES © 


UNDISPLAYED RATE 


(Not available for equipment advertising) 


$2.10 per line, minimum 3 lines. To 
figure advance payment count 5 aver- 


age words to a line. 


DISPLAYED RATE 


The advertising rate is $20.80 per inch 
for all advertising appearing on other 
Contract 


than contract basis. rates 


quoted on request. 
































epr in principal cities 
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SWITCHING 
CIRCUITS 


We are building airborne 


and e2ir transportable tac- 
tical data systems and 
computer and contr 
systems. Amonic the sev- 
eral pos.tions created by 
this werk are those tor the 
design of central com- 
puter and digital display 
circuits, using core stor- 
ege drum storage, and 
semi-conductors.Write 
Mr. S. L. Hirsch. 


LITTON INDUSTRIES Electronic Equipments Division 


SAVE TIME & EXPENSE 
ON PURCHASING 


@ PROOUCTION QUANTITIES IN STOCK 

@ DELIVERY ON OFF-THE-SHELF ITEMS 
WITHIN 48 HOURS. DELIVERY WITHIN 
ONE WEEK ON RELAYS REQUIRING 
ASSEMBLY AND/OR ADJUSTMENT 





WE DELIVER RELAYS 
NOT PROMISES 








SEND FOR CATALOG C 


| : AWW 
niverSal RELAY CORP. 


42A White St., New York 13, N. Y. @ WaAlker 5-9257 
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Your Inquiries to Advertisers 

Will Have Special Value... 

for you—the advertiser—and the publist 
you mention this publication. Advertiser \ 
highly this evidence of the publication you 
Satisfied advertisers enable the publishers to 
more advertisers and—more advertisers mear 
information on more products or better service 
more value—to YO 
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EMPLOYMENT OPPORTUNITIE: 





Interested in 


elitronics” 


a challenging new field of opportunity 
for electronic engineers at 


SIKORSKY AIRCRAFT 








* To describe this unique field, only a brand 
new word would do, a word with two live roots: 
helicopters and electronics. These roots penetrate 
deeply into some of the most stimulating soil in 
modern technology. 


In broad terms, helitronics embraces practically 
every phase of avionics, electronics, computer, 
feedback and systems analysis work. Specifically, 
helitronics means the integration of communi- 
cation systems, specialized electronic search and 
detection equipment to enhance the mission ca- 
pability of the helicopter, specialized sensors and 
automatic controls to increase its versatility, and 
automatic navigation, into an optimum military 
weapon system or commercial carrier with VTOL 
capability. Many assignments call for the ability 
to advance the state-of-the-art in testing and in 
instrumentation. 


If you would like to enter this challenging new 
field, the time is now. The place? Sikorsky Air- 
craft—pioneer and leading manufacturer of 
rotary-wing aircraft, the company that leads 
again with- many opportunities for you in 
HELITRONICS. 





For further information, submit 
your resume or make inquiry to 
J.L.Purfield, Personnel Department. 
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EMPLOYMENT OPPORTUNITIES 


VICKERS INCORPORATED 


ELECTRIC PRODUCTS DIVISION 





B.S.E.E. Degree Required. Some Post-Graduate work Highly Desirable. 


To Staff MAJOR Long Range Program in the following areas: 


‘coocce 


6:8: 


&: Se a A 


eeveesess 


weeee cece 


POG OO 


. 
Pee eeereseeeees 





For INFORMATION and 
APPOINTMENT WRITE: 








PLAN YOUR FUTURE 
WITH US 


Experienced in Instrument Control Systems? 
Advancement slow in your present position? 
It's time you knew about us! 


Our services include start to finish engineer- 
ing of automatic control systems for the 
process industries. You can assume systems 
engineering responsibilities for studies and 
evaluation of a customers’ instrumentation 
requirements. Other areas include field co- 
ordination of equipment installation, inspec- 
tion and start-up and maintenance of instru- 
mentation systems. Opportunities for all 
levels of engineering talent in the above 
areas. 

Including supervisory levels for 
records of accomplishment. Prefer 
degree, P. E. License or equivalent. 

Associate with a staff of instrument and 
control engineers, technicians, and data 
handling and computing experts 

Send complete resume to Mr. W. A. Wecker, 
Personnel Director to learn more about your 
future with us. We offer top salaries for 
proven abilities. Suburban Chicago location 
or field residence. 


PANELLIT SERVICE CORPORATION 


7401 N. HAMLIN AVENUE 
SKOKIE, ILLINOIS 


proven 
college 








DIGITAL 


PROJECT DESIGN 


$12-18,000 
FEE PAID BY COMPANY 
NON DEFENSE INDUSTRY 


STEVENS 


ASSOC, INC. AGCY 
ONE E. 42 ST., NY 17, NY. 














VOLTAGE, SPEED, CURRENT REGULATORS 


These jobs are KEY POSITIONS in our Engineering Department and Require a broad 
background of 2 or MORE YEARS IN CIRCUIT DEVELOPMENT, DESIGN and EVALUATION. 


MiIcKERS 


Vickers Incorporated 

Electric Products Division 

Division of Sperry Rand Corporation 
1815 Locust St. St. Louis 3, Missouri 





I dreamed...1 WENT FISHING 





IN MY MINNESOTA MUKLUKS | 


Fish were flopping in—already filleted. One cried, 
“How mu uk can you expect?” We consider 
we're “lucky” to live and work in Minnesota, just 
a few hours’ drive from the fabulous “north woods” 
lake and vacation country. To show we're not 
remotely situated, it takes even less time for a jet 
to whisk anyone from Minneapolis to West, East 
or Gulf coasts. 

Write about employment opportunities at Flui- 
Dyne, one of the area’s smaller (and thriving) 
aero-space industries. We're close to the university. 
Smog is unknown. There is room to grow here .. . 
for a top man to reach full professional stature. 
Wives, too, find lots to like in Minnesota. 
immediate openings: (1) EXPERIMENTAL PHYSICIST 
and (2) ELECTRONICS ENGINEER—for Acvanced Plan- 
ning Division, on problems of measurement and control, 
advanced se yr report writers. Graduate deg. 
desir. At le exp. Salary to $12,000(3) 
MECHANICAL o Design ER ENGINEER—for complex test fix- 
tures, facilities. Exper. in design for (-450°F to 5000°F) 
Pe peo desirable. Considerable proposal work. At 
aon 5 yrs. design exper. Salary to $11,000. (4) ASSIST- 

T PROJECT ENGINEER—for major facilities, wind tun- 
aan, space simulation equip., etc. Fluid dynamics exper. 
plus training in at least one additional engineering 
speciality (electronics, — etc.) required. At least 

yrs. exper. Salary to $9,6 


Write 
J. Leonard Frame, 
Pres. 


FiurDyne 


snGineEninG Lote. 
5740 Wayzata Boulevard, 


Minneapolis 16, Minn. 





ASSISIANI CHitF ENGINEER 
$12,000—$14,000 

Fractional hp motors exp. design and dev. of small 

motors, tacometers and other precision 

electromechanical devices for military and com 

mercial use. Leading to position of chief engineer. 

Fast expanding concern. 0 fee. Contact 


Musgrave. . 
MONARCH PERSONNEL 
28 East Jackson Chicago 4, 


Lew 


INSTRUMENT 
TECHNICIANS 


Interested in working with the latest equip- 
ment in industrial process control systems 
and data processing equipment? Our ex- 
panded operation has created several open- 
ings in field maintenance work throughout 
the U. S. Prefer experience in maintaining 
a variety of pneumatic, electronic and lab- 
oratory instruments in chemical processing, 
petro-chemical or refineries. 

Top pay, recognition of your achievements 
within a medium-sized growing concern 
Home offices in suburban Chicago. For in 


terview, forward complete resume to Mr. W 
A. Wecker. 


PANELLIT SERVICE CORP. 
7401 North Hamlin 
Skokie, Illinois 








10 COMPONENT ENGINEERS 

SALARY $14,000 PER YEAR 

A leading prime contractor in electronics need 

component engineers for electrical—electronic and 

mechanical devices such as transformers, tu. 

gear trains, servo and synchro mechanisms Com. 

pany client will assume all employment expense 
ESQUIRE PERSONNEL, INC. 

202 South State St. Chicago 4, Ill. 











SELLING OPPORTUNITY WANTED 


Sales pnenoning Representation Availab!e— 
New York—New Jersey area. OEM and USER 
accounts. Specializing in control equipment 
and components. Presently representing man- 
ufacturers of electric clutches and brakes and 
both electrical and electronic adjustable 
speed drives. F. A. Macpherson Co., Box 421, 
Westfield, N. J. 





THIS EMPLOYMENT OPPORTUNITIES SEC- 
TION offers a quick, effective solution to 
your power probl Because its 
readership is confined to just the type of 
men you need, waste circulation is 
avoided. 
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ADVERTISING 


AMP Incorporated 

Adams & Westlake Company, The. 266 
Allen-Bradley Co. . .Fourth Cover 
Allied Chemical, Plastics and Coal 

Chemical Division 227 
American Bosch Arma Corporation. 114 
American Engineering Company.... 84 
American Measurement and Control, 

Inc. ,. 2a 
American Optical Company 91 
Amphenol, Connector Division 214 
Anelex Corporation 224 
Annin Company, 109 
Armstrong Whitworth Equipment.. 51 
Assembly Products, Inc 52 
Automatic Electric 96 
Automatic Timing and Controls, Inc. 

264, 265 


Barber-Colman Company, Wheelco 
Instruments Division 11 
Bailey Meter Company 
Baldwin-Lima-Hamilton, 
& Instrumentation Div. 
Beaver Precision Products Inc... . . 
Beckman, Berkeley Division 
Bendix Corporation, The 
Computer Division 
Research Laboratories 
Scintilla Division 
Benson-Lehner Corporation 
Biddle Co., James G 
Bowmar Instrument Corporation. . . 
Brookfield Engineering Laboratories, 
Inc. 
Brooks Rotameter Company 
Brush Instruments 
Bryant Computer Products,. .. . 
Budd Company, The 


Electronics 


Century Electronics & Instruments, 
as 

Chicago Dynamic Industries, Inc. 

Clare & Co., C. P. 

Clevite Electronic Components Di- 
vision, Clevite Corporation . . .94, 

Clifton Precision Products Co., Inc 

Coleman Electronics Inc 

Comar Electric 

Computer Measurements Company. . 

Computer Systems, Inc 

Concord Control Inc 

Conoflow Corporation 

Consolidated Controls Corporation. 

Consolidated Electrodynamics . 38, 39, 

Control, A Division of Magnetics 
Inc. 

Control Data Corporation 

Counter and Control Corporation. . 

Cubic Corporation, Industrial Divi- 
sion 

Cutler-Hammer Inc. 


Daven Co., * 
Daystrom, Inc., Control Systems Di- 


Daystrom, Inc., Transicoil Division. . 


Delavan Manufacturing Company. . . 
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IN THIS 


DeJur-Amsco Corporation, Electron- 
ics Division 

Digitronies «5500 S30 70 Sree... 

Dobeckmun Company 

Donner Scientific Company 


Eagle Signal Company 
Eastern Air Devices, Inc 
Edison Industries, Thomas A. 


Electro-Instruments, Inc. 

Electro-Mech Corporation 

Electro Products Laboratories 

Electro Scientific Industries 

Electronic Associates, Inc 

Electronic Engineering Company of 
California 

Electronic Specialty Company 


Electronics & Instrumentation Divi- 

sion, Baldwin-Lima-Hamilton ... . 
Elgin National Watch Company... 
Epsco Components, a division of 


| ee ee pee ee 
, a division of Epsco 


Erie Pacific Div., Erie Resistor Corp. 

Essex Wire Corporation, RBM Con- 
trols Division 

Esterbrook Pen Company, The... . 


Fenwal Incorporated .. 

Fischer and Porter Company. . 
Foxboro Company, The 
Friden, Inc. 


G-M Servo Motors...... pat 

Gast Manufacturing Corporation . 

General Ceramics Corporation, Divi- 
sion of Indiana General Corpora- 
tion 

General Electric Company 
Apparatus Sales Division 
Computer Department 
Semiconductor Products 

ment 

General Instrument Corporation, 
Semiconductor Division 

General Kinetics Corporation 

General Radio Company 

Gordos Corporation 

Gurley, W. & L. E 


— 


Hart Manufacturing Company, The 2 

Heinemann Electric Company 

Hermes Electronics Company 

Hewlett-Packard Company 

Hoskins Manufacturing Company. . . 

Holtzer-Cabot Motor Division, Na- 
tional Pneumatic Company, Inc. . 

Hughes Aircraft Company, Semicon- 
ductor Division 


Industrial Electronic Engineers, Inc. 
Industrial Instruments Inc 
Industrial Test Equipment Company 


ISSUE 


Information Systems, Inc 

Inland Motor Corporation of Vi irginia 

Instrument Development Laborato- 
ries, Inc. . 

International Business Machines. .. . 


Kearfott Division, General Precision, 
as ia 285, 287, 

Kensico Tube Company Division 
Robinson Technical Products, Inc. 

King Engineering Corporation 

Kintel, Division of Cohu Electronics 
Inc. 


Laboratory for Electronics, Inc 

Lambda Electronics Corporation. .. . 

Landis and Gyr 

Leslie Company 

Lexington Controls Incorporated... . 

Librascope, div. of General Precision, 
ES ici a Ses Second Cover, 67, 

Litton Industries 


MB Electronics ra 
Mason-Neilan .................8, 
Massa, a div. of Cohu Electronics, 
a yh 
McGraw- Hill Book “Company, Inc. 
263, 
Meriam Instrument Co., The 
Micro Switch, a division of Minneap- 
olis Honeywell 
Micro Systems Incorporated 
Minneapolis-Honeywell 
Boston Division 
Machine Controls Division , 
Minnesota Mining and Manufactur- 
ing Company . 
Monroe Calculating Machine Com- 
pany, Inc. .. 
Muirhead & Company, Lt’d 
Mycalex Corporation of America.... 2 


National Acme Company, The. 

National Vulcanized Fibre Company 

New Departure Division, General 
Motors Corp. 

Non-Linear Systems Inc 

Norden division, Ketay Department, 
United Aircraft Corp 

North Electric Company 


Offner Electronics Inc 


Packard Bell Computer, a Subsid. of 
Packard Bell Electronics........ 

Panellit Division of ISI Inc... . 

Parabam Inc. 

Pegasus Laboratories, Inc... . 

Perfection Mica Co., Magnetic Shield 
Division 


Philco Corp. Lansdale Division 





Tatnall 
MetalFilm 101 


Strain Gages 
from Aas’ 


® High uniformity in both 
geometry and tempera- 
ture coefficient for auto- 
matic matching. 

@ Precision designed and con- 
structed for exceptional accuracy, 
repeatability and ruggedness. 

@ Ultra-thin (less than 0.0015 in.) 
with no integral leads, for high 
flexibility and conformability. 

@ Wide range of sizes and configura- 
tions available, including rosette, 
miniature and standard types. 


Call or write for full information. 


(INSTRUMENTS aD yA I A 
my 2 y/f7/ ee DIVISION 


The Budd Company 


| 


Photocircuits Corporation 

Potter & Brumfield 

Potter Instrument Co., 

Post Electric Products 5 eras 
Precision Instrument Company. . 48, 


RBM Controls Division, Essex Wire 
Corporation 

Radio Corporation of America 
Computer Systems Div.... . 
Semiconductor and Materials Div. 

Ramo-Wooldridge, a div. of ‘Thomp- 
son-Ramo-Wooldridge ...... 

Raytheon Company, Equipment Divi- 


Reeves Instrument Corporation. 
Reeves Soundcraft Corp ae 
Rescon Electronics Corporation. . 
Robertshaw-Fulton Controls Com- 
pany, Acro Division 
Fulton-Sylphon Division . 
Rosemount Engineering Company. 


Sanborn Company 

Seneca Falls Machine Co., 
Bees hes ok : 

Servomechanisms, Inc. 

Servonic Instruments, Inc. . 

Servospeed, Div. of Electro Devices, 
Inc. ; 

Servotronics, Inc 

Sigma Instruments, Inc 

Skinner Electric Valve Division, 
Skinner Chuck Co. ......... .33, 

Sola Electric Co di 

Sorensen & Company, Inc..... 

Space Technology Laboratories, Inc. 


E lectronics 


261, : 


Spiroid Division, [linois Tool Works 28 


Sprague Electric Company. 

Stanpat Co. . ae 

Stepper Motors Corporation 

Stevens Armnold Incorporated 

Stromberg-Carlson, div. of General 
Dynamics Corporation ...... 

Struthers-Dunn, Inc. 

Superior Tube Company 

Swartwout Division, Crane Co. . 


Tally Register Corporation. . . . . 
Tavis Engineering 

Taylor Instrument Companies 120. 
Technology Instrument Comp ami : 


Third Cx 


65 
241 
121 


yver 


Telechrome Manufacturing Corp... 
Telemeter Magnetics Inc. 
Teletype Corporation .... 

Texas Instruments Incorporated. . 
Thermo Electric Co., Inc... 
Tinsley Laboratories, Inc 
Tomkins-Johnson Co. 

Tung-Sol Electric Inc 


U. S. Controls, Inc 
Union Switch & Signal, div. of W est- 
inghouse Air Brake Company 


Unistrut Products Company 208, 237 


Vickers Incorporated, Electric Prod- 


ucts Div. 


Wallace & Tiernan Incorporated 
Wang Laboratories, Inc. . 
Westinghouse Air Brake Company 
Westinghouse Electric Corporation. 


Westronics, Inc. 
Worklon, Inc. 


Wurlitzer Company, The. . 


CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr 


EMPLOYMENT 
OPPORTUNITIES 


CONTROL TRANSMITTER 


EQUIPMENT 
(Used or Surplus New) 


FOR SALE 


ADVERTISERS INDEX 


Esquire Personnel 

Fluidyne Engineering Corp 
Monarch Personnel 
Panellit Service Corp.... 
Sikorsky Aircraft, Div. of 
craft Corp. . 

Stevens Association, Inc 
Universal Relay Corp. 
Vickers, Inc. 


United Air- 


District Managers 
ATLANTA 3: R. H. Powell, 1375 Peachtree Bldg., JAckson 3-6951 


BOSTON 16: G. Stewart Baird Jr., 


McGraw-Hill Bldg., Copley Square, HUbbard 2-7160 


CHICAGO 11: Milton J. Steinbraker, 520 N. Michigan Ave., MOhawk 4-5800 
CLEVELAND 13: John C. Mitchell, 55 Public Square, SUperior 1-7000 


DALLAS 1; James R. Pierce, Vaughn Bidg., 1712 Commerce St., Riverside 7-5117 
DENVER 8; John W. Patten, Tower Bldg., 1700 Broadway, Alpine 5-298% 
HOUSTON 25: Gene Holland, W-724 Prudential Bldg., JAckson 6-1281 

LOS ANGELES 17: Gene A. Fruhling, 1125 W. Sixth St., HUntley 2-5450 

NEW YORK 36: J. M. Morris, John B. Brennan, 500 Fifth Ave., OXford 5-5959 
PHILADELPHIA 3: William F. Buehi, Six Penn Center Plaza, LOcust 8-4330 

SAN FRANCISCO 4: W. C. Woolston, 68 Post St., DOuglas 2-4600 

LONDON E.C. 4, ENGLAND: Malcolm Thiele, 95 Farrington St. 
FRANKFURT-MAIN, Germany: M. R. Zeynel, 85, Westendstrasse 


P.O. Box 245 + Phoenixville, Pa. 





Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ul., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 
Seattle, Wash., Detroit, Mich., Boston, Mass, 
= Cc —_ 

atnal! Measuring and Nuclear System 
46 Hollinger Rd. “Tesome 16, Ont. aeree 
In Europe 
BUFRA, 10 Avenue de la Grande Armée, 
Paris 176, France. 
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WELVE 


MINIPOT 


MPORTANT 


HOICES! 14 


RV% -S! 


RVO5-2 »  RVOS-I TP% -SI 
§ 7 
| _.. ; RVO9 


Shown Actual Size 


PRECISION TRIMMER POTENTIOMETERS by TIC are standard in twelve 
different styles and each in a wide range of resistance values. The extensive use of trimmers 
in such applications as airborne, shipborne and ground based military electronic 

equipment for navigation, flight control, fuel control, radio transmission 

and reception, telemetering, computers, fire control and many others demands 

reliability and stable operation under severe environmental conditions. 

TIC quality-control procedures and environmental testing assure the user 


of the ultimate in dependable trimmer potentiometers. 


TWELVE IMPORTANT CHOICES — six box type and 
six rotary type multiturn and single turn with wirewound 


For new or metallic film resistance elements, high temperature- 
PRECISION POTENTIOMETERS 

catalog of resistant construction, varied mounting methods, and 

the trimmers 

tllustrated | , i : ‘ , 

above write, quarter in diameter, permit the design engineer optimum 


sizes ranging from micro-miniature to the size of a 


wire or | freedom to select the unit best suited to his application. 
all . , , , rrr 
Special designs may be readily accommodated by TIC 


engineers. 


Subsidiaries: 
ey a Corp. of Calif. 
orth Hollywood, Calif. 
TECHNOLOGY INSTRUMENT CORPORATION Stn kakecetaiees tendon tient 
Tucson Instrument Corp., Tucson, Ariz. 


523 MAIN STREET, ACTON, MASS. Servele, lan, Cicagn, 
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Longer Life! Superior Dependability! 


THE ALLEN-BRADLEY 
LINE of BULLETIN 700 
RELAYS IS COMPLETE ! 


THESE IMPROVEMENTS 
ARE IMPORTANT! 


These improved Bulletin 700 Type B 
and Type BX relays are establishing 
new standards for relay life and re- 
liability. New design increases me- 
chanical life by at least 5 times...a 
new contact motion insures at least 10 
times greater electrical reliability. 
Double break, silver contacts never 
re need maintenance, and the new molded 
shown with 2 N.O. and 2 N.C. con- nae \ coil is impervious to the most severe 
tacts. Made with up to 8 poles in atmospheric conditions. 
various arrangements. These new A-B relays—with their 
extra millions of trouble free operations 
at no increase in price—are a bargain 


2 ; in the relay field. Write for complete 
TYPE BX universal relay shown ml details, today. 
with 4 poles having both N.O. and . 

N.C. contacts. Additional contacts on 

the 6 and 8 pole relays are N.O. only. 





NEW 



































a . - ed 

ENCLOSURES \ Yo —~= 
QQ au ALITY y Ps 

for the Bulletin 700 relays — = kG 
are styled by Brooks Stevens ~~ (O) 
internationally famous in-  mmamecns 


dustrial designer. Note the TYPE BR Bulletin 700 convertible contact relay oe ~ 
“family” resemblance of shown with four poles. Made with up to six poles in line as f 
these enclosures. a 
No other relay offers such simplicity in 

changing contacts from N.O. to N.C. 


NEMA Type 1 for general : or vice versa) — it takes only 60 seconds! ‘“ \= 
purpose applications with ? A four pole unit provides any of the q 
wrap-around cover for @ ' ee bint x } ge avail 
ready accessibility. It has a —= @ contact com binations ot lerwise avall- 
“quality” appearance. able only with five relays of the fixed 


: contact type. You can reduce your relay 

_ NEMA Type 4 enclosure inventories. In tests, this relay has 
for applications that require proved it will provide many millions of 
a watertight and weather- 
proof seal. 





trouble free operations. Double break, 


A —~ silver contacts never need servicing. 
NEMA Type 7 enclosure . ot Also, each relay can have one or two 
for NEC Class 1, Group D 7 eosoeve)(ciacmec bole @barllm@uctace Muslel asta d-mcve lela — 
hazardous gas locations. f to its base—in the field—-without in- 


creasing space requirements. If you 
don’t know about the Type BR relay, 
let’s get acquainted. 


ALLEN-BRADLEY  sworor’ 


Member of NEMA CONTROL 


Allen-Bradley Co., 210 W. Greenfield Ave. Milwaukee 4, Wis. © In Canada: |Allen-Bradley Canada Ltd., Galt, Ont 
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